
RWORT OF THE DIRECTOR OF THE HOSPIT4L -- ----- _-- YL., 

October, 1924 

.Gentlemen: 

No important changes among the senior members of the staff 

of the Hoe?ital have occurred during the past year. Scveral of the 

junior members of the etaff, however, huve accepted positions else- 

where. Dr. Hugh Morgan, who for the past two years has served most 

efficiently ae Resident Physician, has accepted an appointmat as 

Associate Profesoor of Ldicine at Vanderbilt Universi-ty. Dr. William 

S. Tillett has becln appointed to succeed him and ha8 already taken up 

his dutioo a8 Rooidont Physician. Dr. James Neill, Assistant in 

Bacteriology, has received an appointment as Associate Professor of 

Bacteriology at Vanderbilt University. He is being succeeded by 

Dr. Louis A, Julianelle. 

Four of the assistant physicians, Dr. Brow, Dr. Linder, 

Dr. Salvessn and Dr. kblller have left to accept positions in other 

clinics. Dr, Brow returns to Canada, Dr. Linder to London and Dr. 

Salves= to Christiania, thus extending and strengthening the ties 

between this Hospital and the cLinfcs in all parts of the world, 

The following is a review of the scientific studies carried 

on in the several departments of the Hospital during the past year, 



94 

StudisS Concernina Chicken-Pox and Emsinelas. 

Dr. Rivers and Dr. Till&t. 

A report of the work since October, 1923, will be made under 

the following headings: 

A. Clinical study of cases of chicken-pox in the hospital. 

B. Further study of a tims discovered in sttempting to trans- 

init chlcker+pox to rabbits . 

C. Experimental infection of the skin with hdmolytic atrepto- 

cocci with particular reference to L method of demonotrating 

protective 8UbPt~rlcOS in immlns fmra. 

D. Studier concoming local prrsivs lmmmity. 

1. Prophylaxis a&not rqmrimcrr&l Infection with a 

ffl.texuble rinlo. 

2. Prophylsxir against sxperimenfal infsctiom with b 

hanolytic streptococzvs. 

3. TrO8tm6Llt Of sxperimcantal 0iT@LpOlaS. 

A. Clinical Study of Chaos of CMqkm-BOX 9.g the HomitL$. 

L : . ; : Dpsine .the -year for+nini, uauee of uhl.&oz+pcq war@ a&nit tad 

to th0 irolatien ward fer trsatment. .-:‘, -’ :I 7 .;. %. . .+ 

. tmnity was afforded of l baorving the effect 8 ootirfiemt cangenital syphi- 

litia infaotien had,ppen the dirtribution sf'the emptien of ahi&~+pox. 

TW'%,mption of prsiea;lla ir.wmal,lymsrt marked cwar thr,tnmk. 9210 
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faoe and oxtremi-tios m-a 08 a rule much leas implioated. The rereree 

is true of the distribution, of tho eruption of congenital syphilis. 

paby Alipo, 7 months of age, with llyuv evidencoe of oangenital eyphilis 

fnolmiln;: A poeitive blood Waeeermnnn, wa8 admitted to the ward for 

6 reatxnen t of ohl cken-pox . T&ruption on the infant was typical of 

vafioella except for ite dietribution. Only three lesions were seen on 

the trunk. On the face and extensor eurfacee of the extremitiee, how- 

Bver, the leeions were very numerou0. Without gaing into the details 

of the differential diagnoaie, we are oonfident that the eruption wae 

varicella snd net the eruption of congenital eyphilie. On the other 

kand, the unusual occurrence of the varioella leeiono over parts of the 

badq usually implicated by congenital syphilis 8eema te Indicate that 

the ooeJetent cpn&aital &phtlitio infection had caused euffioient 

irritation in the akin to inflnmoe the localization of the varicella 

YlruS. 

B, Further Study of a’Virua Disoorored in Attemptinn to Tamit 

VI&&g&b to B%l>bite . , .I 
In attm@ing to tran-t mrlm3lJ.a to rabbits a new aCti= 

.' 
t ransrrriqej.b&e ' agent wae dietmvsred~ For ooiivetiemo Chiti ag0!lt Will be 

,,a :, , .I' : . , ,.' 
spoken of ae Virw9 111, Before merting the 8tudieS -da UiOn the 

. . . . ,‘I F .., ; ‘. 4; ^ 1. _,’ >’ 
rS~s rr$& October, l&, it soem: advicablo te recapitulate the $new- / 
ledge dbtkned in ieifwd ‘ta it prier to that date. The lesions produced 

by Virue III wexw firet recognized In the fov.rih testicular hmofer 

following A primkry ‘inooulation of blood f ram R varicelh’ patient. 

rltelre attempt8 were made to transmit varioella to rabbits in thie man- 

ner . Five rtralnr of a v&rue similar to Pink III were obtained. The 

1eSiOne produced by tho btrainr were usually observed betieen tha third 

&rid sixth testicular +,q-+a.nefrre. Three of thee8 strains have been studied. 
* 



Virus III has--boaa transferred more than a hundred times from rabbit 1 

ta rabbit brmmeans of testicular inoculations. Definite lesions follow 

the lnoailatlon of the virus in the testicles, skin or obrnem af rabbits. 

A a)ukrp febrile reaction frequently follows intrstestioular inoculations 

of the vlrur. The vlrue has been obtained fran the heArts’ blood of 

rabbits inaoulated intratesticdarly or intmdemall~. Intraoerebral 

inaoulations are followed by fever but ~11 the Animals recover. Local 

infiltration of the tissuee with endothellal leucooytes, swelling of 

the involved epithelial cells and the preeence of maolear Inclusions in 

both emlothelial leuoooytes and the eplthelial oells were the ahamatsr- 

imtic pathological ohanges observed in rsbbits erporimentally lneaulated 

with the virur, Portlcms of the testicular mxulsians contsining the vim8 

hsre been ahown repeatedly to be free of ordinary aerobic And anAerobic 

bacteria. Purthennors, ordinary bacteria have not been seen in stained 

films and dArlo=field preparationa of the mru.lalons containing the tims, 

in rtained eeotione of inoculated testiclee or in emotion6 af inocul~tel 

testiclbr iqpre~teb with rilrsr nitrate. The intra4erarl method 0.f 

. ImmlatUg the rirur, glrrlr more rrliablo rmultr than there l btaid by 

. . 8mmirrg the firm an the ooarifiad &in. . : Virur III, heated 10 ‘mixUrr , 
< it 5S°C., will. bet p&,~~e ririble‘ 111ionm ia thi skin ef mbbfts . . . . Viz-u@ . . \ 

III passor thremgh Borkmfoll N and 0 f liters. The data obtained IO far 

~ Indiaate that the beet moth& of prerer+ing Virus III in an autira @tat@ 

im to filter the testicular smdsions emtaining tha tires, dA &~r01 

to the fi1trate.q to 40 per cent of the total rolwm, rralwith mmllne 

aat rtore en Loo l Viable Virus III produaer a dafinite Wt;l dn rrB- 

bltr which perriot far at loart rix menths. ‘The fmaPunity fellme lqtra- 

dermal, intratmticular, ~ntrareneus, intracerobral or .intrarusal an@- 
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lations of the rirus. A single intradermal injsation of Vine III wh%ah 

has been killed by heat will not produce a demonrtrable ~RRTK@~~ in rab- . 

bits. No paesive Aity to Virus III was demonstrated in rabbits which 

had received intravenous injectiona of 5 - 10 cc. of immune rabbit se- 

24 hours previously. Imn~une rabbit serum neutralize8 Virus III either 

ira yi tro et loonily in CL rabbit ‘8 skin when the ixnuns demm and the vi- 

rue are injO&& into the eanfc part of the rkin or at ab+%ut the 65~16 time. 

Three strains of the vima under investigation are imnmelagjcally identi- 

Cal. Virus III and vaccine vi~?ls are inx~~nlogi~~lly distinct. Vinr~ 

III and the virun of emtosatir: herpeG aze <~rmolegLcally distinct. 

The method emplopod in ebtaining tha vinu~, the fact that more 
f 

than half ofl the cxperimente ahtch ~fero porfxmod In attempting to obtain 

not improbably workizqg with the cEticlegice1 Egmt of ahicken-pox. It 

was realized that the fintrl proof that the rirna irr the etiological agent 

psrfenned te identiiy the virus. The ne~otmry smthrda and a knowledge 

of the behavior of the ~irur in normal and MO animal8 were obtained 

sad have been brirfly eumnarizrb above. With thie information tn. wore 

th6n prepare& to 7sAort0ke the i&mntification of Virus III. The r@maltr 

of this work are suuxuaz%ed bslrmr. 

the tirue resulted nsg;rti;rely, the ma~~o3cep1c and a\icrescapj.c lesiom : 1’ i ’ 
r! :i 

produced in rabbits by the rirtu lcrd ,xn at. fire+, ta infer that we were 



Feeling as we did abotit Virus III our first expsrimentd natu- 

rally were planned to establish if possible some relationship between 

the virue and the etfological agent of ahiaksn-pox. We first tried te 

protect rabbits against Virus III by intravenous injections of who16 

blood or blood serum from patients convalescent from variaella. We 

wore unable tarprotoct rabbits against Virue III in this manner. Then , 
we tested the virualdal aatlon of eerum from patients convalescent from 

varicella. The results of those experiments showed that 88ra from TWO 

no-1 adults and frm fourteen pationts convalescent from ahickekpox 

hod no demonotrable neutralizing effeut upon Virus III in u. tither- 

more, no difference wa8 detected In the aera aallected from four patients 

during the di86a80 end during convalescence. Finall$. we attempted to 

aotively i.mmnize rabbits againet Virus III by injections of fresh blaod, 

nasal washings or veelols fluid frcm patients with chicken-pox earlgin 

the disease. Control animals reooived similar amour&e of fresh blood 

from normal humns. After the lneaulati~ns the animals were kept 21 to 

67 d&ye &rrd then the preeonce of an immunity In them was determined by 

168318 of intmdermal inoculationa of varieue dflutiorie of satire Vir~e 

III. Eleven exporimsnte were performed in whlah 39 teat and 23 OOntrOl 

animale were employed. The percentage (26 per aont) ef ~~UXS +imi@ 

waei the seane in ,the ‘oontrel ae in the l xperimontrl &iaala., !Dmreforo 

from there experimsntr no avldenco wae ebtained in favor of Virus III 

being the etiolagiaal agent ef varlcolla; Alrthomem, &n anelgefr Of 

the results revealed that the failure of 26 prfaent of the rabbits to 

react to Virus III was net dependent upon the previous lneaulatiene @f 

blood, veriole fluid or nasal waehings . In cur previous wark of ting 

routine tranofrre we had f m,n& that only sbeut 15 per sent ef 200 young 

rkak rabbit@ (1,800 qa.) failed to rraat to intradrrmel inoaulationsr Of 
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Virus 111 and were surprised to find so many refractoAT m3bita in ‘chase 

experiments. 

At this point in our work we became suspdci~~a that Virur 111 

was not the etiological agent of chicken-pox mid. probably had its origin 

in rabbita. Thereupon we took 20 stock Ebbits of all ages, bled them 

from the heart end tested their aera for tirucid~l properties for Virus 

111. Four of thees sera, 20 per cent , aeutralizc?d the virus in titrp. 

T$)s animals whoes dera neutralized the virus in pitro, were subeequently 

fpand to be raf’raatory when the ekin was tested with sctlve Vim 111. 

SJx normal stock rabbits were bled and their eera were teeted for vim%- 

tidal properties. The WWIJQ frtm 0210 neatnalized the vim l me rab- 

b$to were kept under observation for two months for another experiment. 

At the end of that time they wore bled again and the sera were teeted for 

v$.Ivcidal properties. This time the LLOI?IJI~ f ram another rabbit in ad- 

d$tian to that of the one which W&B originally virucidal WZIS found to 

ngatralize BiruJl 1x1. All six of the rabbits were then inoculated in- 

t~mimmally with Viru8 III. BOW were nvlceptibls to the rirue. The 
‘ 

least two inetancee. , 
_ 

At this paint wo learned 2Wxn Dr. +Ft t 8 4sptLstment that a 

YIIYU eimilar to enare had bean abtrined w injwting the blood Of r-t- 

ic fover satient8 into the testicle; of rabbit8 and then M repsaW 

tseticular traneferr at f0urAay Interval6 . Latrr they wer6 able to Ob- 

fain a e$milar v%rw by ueing normal rabbit blood -teaA of blood from 

pationIx. We had th*ri+ilegs of ebmrving their wmk and the ttrro d8- 
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ParkPmte eoeperated in parfarming crosc) immnity experimenta the re- 

stits of which seened to indicate clearly that we were working with the 

same tiNa Or at lenst with virurea which could not be experimentally 

differentiated. 

MOnkW.9, mice, gzinoa Pigs and men (two adult roluntears) have 

ehwn no susoeptibility to ViN8 III. 

In spits of the fact that 15 to 20 per eemt of rtock rabbits 

are refmtorg to Virus III we have never been able to recognize a 

ePontaneOu8 infection with the viN8 in hundreds of so-called noma rab- 

bits. ThOrsfOX-0 the Zl.?LtUre Of Virue 111 has become to Ue an intriguing 

problem. It even occurred to I~B that the virus might be of a nature 

somewhat 8inilar to that of the bacteriophage. In our work and in the 

OxpOrimante of Dr. %viftts laboraterg the leeions produced by the vi~r 

Were Usually first noted In the third to the sixth testicular transfer. 

It ie barely poeeible that, during the manipulation6 of rmiking rqeated 

test~xalar trensfero, a cell lyslng or a oell toxic Bubstance night have 

arieenwhich wau then prepagated by repeated transfer8 at fear-day in- 

terra18 . Coneeqwntly male white rats and nale guinea pige were subjecrted 

to the 8cMB trratgent that the male rabEite had received in att&ting t0 

transmit vari~e?&~ 10 aniroale, with the emeptian that blood mm net in- 

jeuted into the teatiolss of the f&et animl. in each of the 8eAea. 

~umoroue tranaferr were mati fraG terticle to terticl* in *te z-ate and 

in guinea pigs. So far nething haa been obtained that rokmlhs the 

virus wni th which we have been working. Al.though the rssulte of C&r York 

along those lines have been negative, we intend stiueting the obvioae 

lea& before drepping this phaee of the Bubject. 

me evQIeme gained so far in regard to Vinta III indicates that 

m are working with an active tmnsnlssible f%m ovhfch part&es of the 
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characters of ?he m-called filterable viruses. By ixnunologiaal tests 

in humans and rabbiC,s it has been impossible to obtain any evidence that 

this virus is associated in patients with the manifestations of rariaella. 

On the other hand, the studies do bring evidence that we are dealing 

with a new virus - Although the evidence is dinstlnc tly in favor of the 

virus having its arigi:l in rabbits, we feel that the exact source and 

nature of Virus 111 and its relationship to humen and rabbit diseases re- 

main to be determined aacurstely. 

C. Erparlmental Infeation of the Skin with Streptoaaaaus Hemlyticus. 

baently au opportunity was aaaidentally afforded of observ-, 

ire; a severe case of facial eryafpelaa . The lack of a definite under- 

standing of the disease and a complete helplessness in controlling its 

Qmmd and aoq+liaatlons led to the work reported at this tine. The nethod 

of infesting the skin of rabbits with henolytic etreptocoaai, the types 

of lesions produced, and nethod of pmparing en irmnvle serm and the teah- 

rrlqu~ of dmonatmting proteativo substances in the immune serum will be 

described. Without due uonsideration one might think erysipelas quite 

remote f rti ahiaken-pox. lo uo, howover, erpaipel&s aud &ickzekpox lmw 

rnaq points of interest In caxnon eince both direares atttik the ekin. 

tithermore, the skin is being widely diseuseod rooeutly fn regard to the 

role it play8 in lnfsution and reairtance. 
. 

The aSanalytic streptouoccus need in there eqerimente waa a& 

t&nod from the m&ate of a surgica& incision in the eryslpelatoue are@ 

bf patient A. ten day8 after the oneet of the dimsso. The organism 'was 

not considered lrezy virulent for rabbits as 2 aa. of lashour broth culture8 

made from the original blood agar plate did not kill rabbits when admluis- 

tered intraolgnously or i~tmperitonea1l.y. When 0.1 cc. of a broth culture 

was inoaulated into the shaved skin of a rabbit, havvever, a lara phlegm- 
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nous lesion developed. 

After the first few experiments, broth cultures were not used 

as more constant results were obtained with 24-hour blood agar slant 

cultures suspended in 8 cc. of Locke’s solution. The suspensions were 

shaken well end then various dilutions were made as desired. Early it 

wqe found that the dilutions of the cultures could be tested accurately 

for the production of visible lesions in the shaved skin of the seme rab- 

bit. FBeguently 15 to 20 intraautaneous inoaulatlons were made at the same 

t%ne in one anin without proving fatal, Therefore the use of multiple 

inoculations in the seme rabbit simplified the interpretation of the ex- 

perLnenta1 data. 0.1 cc. of the streptococcus suspension was injected 

intraauteneously eaah time. Although preaautione were taken to make the 

inoculations intremtanewsly, it is not unlikely that some of the InocuP 

lun reached the subcutanecus tiesues. 

!Che streptococcus used in these experiments as a rule produced 

a visible leelon in the skin when 0.1 cc. of s 1 - 500 dilution of the ori- 

gin81 suspension wae injected intracutanecusly. Within 24 hours after’ the 

in?culations large phle&oncus lesions were seen at the sites of InJectian 

of the heavier euepeneiona. l!taes~ lesions were usually phleepanous in 

character ana healeii ‘very slowly. The lesions at the aitee of in&ulatiod 

Of the higher dllutibns of the suapenaion were small red nodules without 
^ 

necrctic centers and dieappeared rapidly withcut b&klng dcwn. In addition 

to the phlegnons, however , another type of leeicn appeared in approximately 

10 per cent of the rabbits inoaulated. !&ese lesions resembled human erg- 

sipelas, occurred two or three &ye after the akin was inoculated and ap- 

peared around phlegmons. A flat, slightly raised, l rytheaatous condition 

i 

: : 

of the skin was 8een just cutside the phlegmmu ama. A definite I& 
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regular edge was perceptible. The red raised area spread in all direct- 

ions, up as well as down the side of the an&al, The spreading usually 

contimed six or seven days. he acute inflamatory condition subsided 

rapidly and was always followed by a marked desquamation of skin involved. 

After the eryeipelas had disappeared, the abscess around which it developed 

often persisted for weeks. 

The preparation of ixnune serum was relatively simple. A nmber 

of rabbits were shaved and each received 0.1 to 0.2 cc. of a streptococcus 

suspension intracutanecusly at weekly intervals. Sewn immunizing doses 

were given and care was taken not to inoculate the same area of sun more 

than once. Eight days after the seventh inoculation the rabbits were bled 

f rm the heart. The sera were colieated, pooled, inactivated and stored 

on ice. No preservative was added to these sera. 

Prot rctive substances in the inmune senxa were demonstrated 

by tests in the shaved skin of rabbits. Equal quantities of ixmune serum 

and normal serum respectively were mixed with varieus dilutions of the 

s~mptccocoua suspension and then 0.1 cc. cf theee mixtures were injected 

Izxnediately into the ahave skin of the came normal rabbit. On ene side 

ef the animal mixturea .of immune serum end organlems were inoculated, 0~1 

the other side similar mixtures of normal rerun and organisma were injected 

a0 cant role. Very little wae seen in the &in dhere the mixtures of ire- 

mune uemxm and streptocoaai wore injected. The contrcl Inoculations, hcw- 

ever, were follewed by the usu6J. phlegmaneue lesicno spith necrotic centera. 

The normal senrm affcrded very little if any protect&. The We serum 

afforded a marked pretsct ion. 

me hemolytic streptococcus ased in these experiments regularly 

produced lesions in the &wed skin of rabbits and these lesions were 



usually phleg3onoue in character. In en$y an occasional rabbit, however, 

did a typical erysipelae develop around the point of inoculation of this 

arganism. tithermore, if a rabbit rscoived multiple inoculations and 

later developed in addition to the phlegnonoue leeiona a typical oryeipelas, 

it oocurred usually arcnmd only one of the inoculationa. It 4441x3 qulto 

evident that eocmthing rmro than the mro inJeotion of this heaolytic 

streptouoccas into the akin of a rabbit ia ~uw~ for the developmat 

Of a typical eryeipelas. At present w4 can offer no arplanation of this 

phemnenon. 

3%~ oars of rabbits have been used extensively by other workers 

in the 4xperim4ntal study of eryeipelae. They wore not used in the84 ex- 

porinent8 beoawo large aroam of eldn w4r4 desired for obsarving the pm- 

greee ef the leeions, for titrations of culture8 and for the demonstration 

of protective subctancm in imuns eora. 

2 cc. of broth culturea of a rtreptococcue did not kill rabbits 

when injected intravenously or intraporitoneallp. Therefors intravonour 

or intraperitoneal testo for the prssenoe of grotootire eubstan648 b 

b@ane sora WOUU be more or less tmmtisfaotory with thie etmptdoocdur 

unlesr its virul4noe were enhanced. Inme~ing the virulence of etragto- 

COoOi expsriIn4ntailly, howmor, ie not alway aarrily auoamplished. !@lo 

riroleme of thir ;riqaniom for mice war not tebted,’ It is kxwwn, ae& -’ 

theless,, that mice in general are mt aa aatisfsotory for rtreptaoocmus work 

as they are for pnemn&ocow experiments . Ehrthormoro, it ie known that 

agglut ination md abroIpti4n toots with streptococci &x4 diffiault a& time 

oansuming. !Vherofors the us4 of rsbbite’ eldn in ths manner indicated in 

this report may lead to additional facts about strsptacocei. It may 4~413 

be $oeeibl4 te tjqm stregtacocci fxi'this way rather than by sq;glutinationa 
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s.nd absorptions and thus obtain additional knewledge in regard ts typo 

specificity of ths pratactiva rubstances in antistreptococcus sorb. 

D. Studies Concsminr Lscal Passirb Ixmnits. 

While working with Virus III, diecoversd in attempting to tmns- 

nit varicella to rabbits, obsonations word made which led to experiments 

in raferencs to local passive lnrmnit~ to ths virus under investigation. 

Since those l xperim4nts wore instrumntal in aroueingint8rest in the 

gmoral subjsot of local pasaivs ixnunity they will be rsportsd before de- 

scribing the l rgsrimsnts on looal paesivo imsunity to hemolytic strepto- 

000cus infection. 

Methods . 

Ths methods eqlayad in working with Virus III and with 

the streptococcus wore similar and will be outlinsd here. Xach 

srperiment wm ooqloto in one animal. This siqlifisd the inter- 

prstation of tha experimental data. Tb4 oara, nemml and ixmane, 

wore pooled specinens. No prerervativo wes addad ta the eara. 

kbbitr wore ahmod on both ridrr of the body. On4 side was wed 

for the oontrols, ths other for tho tests. Arsrr of okin 2 cm. in 

biuarter wore infiltrated with 0.5 00. to 0.76 ooD of imnune eomm, 

noma sorum er ether eubstsmor H dssirsd. Z4 to 48 hmre later 

Virus III or the hsmelytic streptococcus was injoctod into the 001lr 

tor of those inflltratsd areas of rkin and al80 into minfiltrkte& 

aroam of &in. 

Loos1 Pa~rive Imunity to Vim3 III. 

Nonnal rabbits wore shaved. ‘Rmir skin was infiltrated as indi- 

sated aboys. The rirus was injects& 24 ta 68 hours later. The mimilo 

worn under observation ton days. The virus did not produuo risible lesions 
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in smms of skin infiltrated with immune serum 24 to 48 heurs previously- 

Visible lesions were produced by the virus, hswever, in arms sf skin 

not infiltrated and also in areae of skin infiltrated with normal 0srum. 

There was no apparent difference betwasn the lesions in unfiltrated skin 

’ I Lpld thoee in areas of skin infiltrated with no-1 serum. From the results 

of them experiments, it ~44130 reaaonabls to conclude that a local passive 

imnmlty to tha vims was produced in the skin of rabbits for at least 24 

to 48 hourr following ths infiltration of the skin with inmune rerun. 

A review of stnzs of ths reports of etudi4s on scarlet fever, 

erpecfally ths ones in regard to tha extinction tests with irmm.114 serum, 

rerealod oortsin facts which indicate& that a local p4asive immunity can 

be produced in human skin. Blake statos that intrademsl injections of 

Dochaerr l~mune horse serum locally blanched the rash of scarlot fsv4r 

Patients and that the blanching pereietod. &rthorznoro he states that 

when the serum was given intradsrmally during the f irat 24 hours of ths 

disease, in addition to the pereistsnt local blanching of the rash, the 

skin did not bocomr pigmented over this ar4a nor did it drsqusmate later. 

Norm1 hors4 s4rmn did not blanch the rash, In those ezpsrimmtr the infrsr 

Q~rmal injeotion of immno sawn proteotsd the rk3n looally and the prom 

toction gereistod for roveral days at lsret. 

%a mubjeot of laoal gassir ismnity was not pursued further 

(4 
until ma opporhnity W&O accident&y sffordsd of obesrving $he progross 

of a ss’9sr4 facial eryoipelas, In spite oS all the work that has been 

don4 on streptococcus fnf4ctian8, olrerythiq, that wus tried on the patlont 

failed to stop the spreading infection. Erysipolas is an infeation more 

or lsas lacalised In the skin and its spread OM be observed without dif- 

ficulty t lt this tine the fact a in rsgard to local passit innmni ty wore 

thought of again. In view of theso facts the log&l me thed of treating 
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a lecall~ spreading infoctian seaed to be the prapmtion af the tissues 

in the immediate vicinity in mme raanner, far instance, by the injection 

of ixmune uerum, so that when the infection epread up to the prepared 

zone it would met refractoq tismas and be unable to progress further. 

Thrrafare the following erperimmte were perforaod ta determine if a local 

paesioe imxunlty could be dtmonatratad in rabbits’s skin to a hmolytic 

etroptouaccus infectian. 

Local Non-Specific Protoctian against Exporimntal Infectian 

with a Hmnal;ltic Streptococcus. 

Althmqh the injection of norms1 serum into the skin af rabbito 

did not prstsot against infeatlan with Vlruu III inoculated into the tame 

araa of rkin 34 to 48 hmrr later, a rrriow of the llteraturr sromd ta 

indicate that moat infurlon bmth anil porribly no-1 ~ortm~ infiltrated 

into the skin night produca rem protection locally againrt hezmlytio 

8trsptecOcCi inJected 24 hours later. It wu nocesrary to dotemine if 

thir wore tars bsfors attempting to demonstrate local parrrive immunity 

rgPlnat rtreptococci. Exprrimentr perfoanwd for this purport dmonstratod 

C@~luelyol~r that mart lnfuaion broth or nwmal IOIXGI lnfiltratod intk 

bhe akin af a rabbit prmixmtod 24 heurr later against barer of hemolytio 

atreptOaOCci that preducad vlaible lesimar in Pninf’iltratod rkin of the 

l5ille rnimal. It Wu ab8OlUtev noarrrary to infiltrate the rkin bofarc, 

t;he 8~OptWooCi wbre inoalatsd If pretecrtien wa8 .dr8ired booauoe broth 

l r normal l mm afferdsd gb >r&mMen when mixed with the 8ue~pmrion1i of 

8tNptOe8CCi and then injeutsd into normal okin. At prerent data arm not 

available in regard to hopp ooon the protection appsarad after the infil- 

tratien or how leng it perrieted. 24 hour8 wab chosen arbitrarily to 

*lapas between the infiltration and the insculationr. 
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Local Specific Protection against Experimental iafecticn with a  - 

HemeYl~tic Stroptocona. 

Inflltratione of the BHn with noma1 serum and with broth 

afforded mme local proteotion against infection with ~mxly+ic strapto- 

Cocci inoculated 24  heurr later. No attempt has been nadr tc; analyze 

the pbohani lp~ of t&la proteotlon which, for convenimor , till be spoken 

Of aa a  local non+wdfiu proteotian in that it wal( % tiM& . both by 

meal m -m and by broth. In rdbition to this looal non-Q\;cif ic pro- 

taction indwsd b no-1 IIOFUIII, It raemed derirable ta detemine if a 

8pralfic local passive immmity ta hmlytic rtrsptococcue infmtiona in 

the ekin could be daaonetrated by IMMB of infiltmtione of homologous 

innmvle 80rm %  hourr preview to the inoculations of the cocci. T~SFO- 

fare sxperimnts wore perforrzbd to aecsrtaln if more protection was af- 

ferded by Infiltrations of Immune serum than by infiltrationr of similar 

ameunts of nornal Bl3ru3. !Cho rswil.ts of them experiments rhowed that 

nOI% amum afforded m m  local proteutien but not as much am that af- 

f8rded by immune 88zv.m. 

In the cUrpsrimente reported above the ckin of rabbit8 was made 

refractory 1OCally to hemolytic l tretptOCOCCU8 infectionr by mean8 of inp 

f iltration8 of either normal or immne eemm. Imxmns ormn &forded more 

proteotfan, hmwer, than namal hem. This difference in the amount  ef 

pretectfon afforded by the immune mom owr that afforded by the nemal 

emnn will be designated local passive imnnvlity. 
At this zaint 5  t 8eemed of Zntereat to ascertaiSI if 3.ntrmmour 

Injection of large mmunts of the Izxmn.e serumwould protect rtsbbitr againrrt 

infection with hemolytic straptococai i inoculated in the akin 24 hour8 after 

the administration of the Berm. !I2u reoults of the experiment showed that 

the semen adniniatered intravenously tifarded nb risible prots&tion againet 
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infection of the skin with rtreptococci. 

Local Paasiw Immunity in the Treatment of Expcerim?tal Ergsigslas. 

Ixxund rema adminietsrod intravenously did not protect the rabbit 

againat subrequent skin Infections with hanolytic streptocccci. The !.I&- 

mune 8erm, however, afforded local protection when it was infiltrated 

in the zusn.ner deoaribed above. In the experimente demribed eo far the 

8oxv.m wa8 amplayed only prophylactically. !Cho fellewing experiment was 

performed to dotemine the offectirenesr af the ixmune 8erm injected 

leaally in controlling the further -read of an infection already undrr 

way. 

A rabbit with a typical spreading srysipelas wa8 cheosn for 

thr l xporiment . 0.25 uc. of normal serum and 0 25 cc. of immno serum 

were injectrd in two placer in the ekln already involved. In additian 

to them injections 0.75 cc. of immune oorum was infiltxutod in nomal 

skin along a rlightly curved line npproximately an inch in length jwt 

beymd the edge of the rryripelatm area. The animal warn l xaanined daily . 
for a fortnight . Neither the nermal nor the irmane rerum injected inte 

the &in already infleme4 Uanohsd the erythma nor did they in any per- 

ceptille way alter the mur80 of the infeotian. !rhe izxuna rem ilsil- -s. 
tratsd in the hoalthy akin jrut beyond the &e of the rprea4.i~ l ~ripelrs, 

however, stemed the further spread of the infrdtion in that area. The 

rrysipslsa did net inrolve the infiltrated ok3.n but spread around and co= 

aiderably beyond it . The okin in the eryripelatoue area deemted later 

but no deequarnatien occurrod in the adjacent skin infiltrated with inmms 

b@I1011. Frem this experiment it somod evident that the healthy &In m 

made refractory locaally to an infection already under way by infiltrating 

it with imnune serum and that the mf’ractory tissues acted cu a barrier 
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againat the further spread of the infaction in the immediata vicinity. 

Local active immunity haa recantly attractah the tttsntion of 

many inraa tigatora . Our experiments, hewaver, were planned &itirOly for 

the study of lacal parairs immunity and its value aa a prephylaxis and 

traatnent of certain lrcal infectiane. In the course of our work local 

passiro imunit~was atudiad in relation ts two typac of info&ion, one 

cauasd by a filterable time, the other by hemolytic atreptececci. A lrc- 
, 

cal paaaive inxmity to both typee ef infeatirnwae demanatrated by mean8 

of infiltrating mall araaa of akin with immme aera 24 houra before in- 

eculating the infectious aateriale. Qe far no attempt has been nnde to 

analyze the mschaniam underlying this pbnomenon. In epite of this it 

aaema obvloue that a local pseeiva i&nits can exist and exlat leng enough 

to be of value in the preventian and treatment of certain lscal infections. 

In addition te ths local paseive immunity there is, at least 

aa far aa the hemalytia atreptocaccus ia concerned, a non-specific re- 

fractory etate indwed locally by the injection ef namal aerum, broth 

and pomibly many ather rubataeea. om aonollldso f ram GayQB werk that 

Ow orrtain wht&nc@s will prodwr fhio rsfrwfqv atats and that l upe ) 

of thaae aubatancea amat be rdrainiatered in preper ooncentrrtiona if a re- 

frectory rather than a mom aumeptible condition IB deaired. fn the fur 

turl it may be ahem that this nanc-apocific factor can bo utilized ad-t- 

agamusly in tha local treatment ef certain aproading infections, 

!lh akin ef * rabbit that received the mtistreptecoccua serum 

lntrammmu8lg was a8 rwaeptible aa the akin ef a contra1 animl to in- 

fection wSth hmuelytic streptec~coi 24 hours later. Portisne ef the amne 

isawurb 8orum injected lecally, hewmar, protscted againat large doses of 

atreptoceeci ineculated In the infiltrated areaa 24 hauralrter. Similar 



obsermtions were made in regard to the use of kuune aerum against 

It appeara, therefore, that if the best results are to be virua III. 

obtained with certain 1-e aera, these eara rmret bo adminiatersd at 

,i 

the rite of infection rather thap intravenously. Furthermore, If the 

maximum benefit ia deaired fran t&e UIO of immune aen in the treatment 

of certain infactiona, it eoana adviaablo to inject the aura in healthy 

tiasuea just beyond the lnfectrd &reaa in order to creatr barriera of 

highly rsfrrctcq tiaauoa throudh which neither the infocticua agonta 

nor their producta can break. In creating much bazriers of refractory 

tiaemea It aema not unlikely that non4pocific au well aa l pocific fac- 

tore may be employed. 

Studies on the Normal and Pathological Chemiatrs of the Blood and on 
Nmhritia. 

Dr. Van Slyka, Dr. Haatinge, Dr. Salveaen, Dr. Murray, Dr. McIntooh and 

Miss Hiller . 

Method8 of Blood AnalYe18 l 

Blood Gaoer . The techniqw for use of the mamme tric apparatna has been 

d.eveloped,in ouch a m&&r that the mm apparatus uard for analyaia of 

the usual amount@, 1 or '2 'cd. of blood; -may ilao' be ired for 'both oz and 

co2 determinationa“~im &I’ 15 ttld .‘&I ‘0 ;a 

anroaching 1 pep ,tient,’ “, di a%rorbent 

(Na&O*) haa been introduced in plasm 

carbon monoxidm &terminatlon with the 

for ozyg&n~‘r’odiurg~hj~aulfits 

of pyl?o@llol. 'Phi ~techniqus for 

apparatus has alao boon per- 

fected, l o that thia gas can be &termined 

O2 and CO2. The three gaaeb, (302, 02 and 

on a single 1 cc . aample of blood in abuut 

easily and acckrately au au 

co 

a0 

caa be accurately determined 

minutea. For thie puqox~ 

the pear are freed by addition of lactic acid and potaraium ferricyanide. 

The CO2 is absorbed by a few drape af NaOh and the @  ir absorbed w4 ).h 
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0.5 cc. of hydrosulfite solution, the prsseurs of the gaser being 

mearured on the manometer before and sfter each absorption. The rool- 

dual gases are CO md Nz, which are mrarurad together, the CO being 

srrtimatod by subtracting 1.15 volume per cent for the Nz, which ie con- 

atant figure for the ofrculating blood. Technique har alro been ae- 

certafnrd for msrcarring the CO b absorption with a cuprous chloridr 

solution, but the Nz aonfent of blood is l o constant that ertimation of 

tb CO b subtracting 1.15 from the CO + N2 per cant prove8 ICB accurate 

aa the abrorption. 

Blood Chloridm. 10 lasarrurlng thr sell chloridor with the ~CCW~CY 

rqulrrd to follow the changa~ obromd in wur l xporimsntr on oloctrolyto 

birtribution, it MI found brrirable to obtain a tochnlquo which obri- 

ated prrcipitstion of the blood proteins, urd the errors duo to thm rol- 

ume of praclpitste, sepeciall;jr bully in the case of roperratrd calls. The 

problem wae l elrod rrry rimply by digerting the blaod or oello with 3 

ro~trmse @f cenarntratod nitric a.cid aentainin(F a Imown uaount of rilvey 

nitrate. The tort ttabo or flrrk eontrining the miqtura lr allcmd to 

rtaud hraorrod in rtcum or boiling W&W until the fluid bream08 a alop 

light.yellew, me hour mffiaiq far amrum, rwoml hmre being required 

for wI101e bleed. Tha l 3coe#a Biltar Ir tl tratod with mulfW7&atS in th0 

emu varrrl l o that the l ntlro uulyrtr ir porfonnod in L sin& con- 
. 

talner. !l!hs method bu obvgata4 the Uffiuulty of w hexmglabin prT- 

cipitateg, at which it was a-d, Qat it ha8 also pro-n IO rimpl~ thr) 

it I@ being psrd ia profrronce to provia? proardnrer for roat%ne ply 

rnalysis . The accuxucy of the mothad was tested by proci8e unalyror of 

StkLndud chlr& ralutions, and of control relutiona W by ad&~ tp 

dialyzed blosd ~WWZI rmoolntr if chlorids, The l xperimantal work war dana 

by Mr. JuJAua Sonbroy , at prerofi’t toohnlcian in the laborat eq. 
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rf th tiw urfrtance of Mr. Sodroy has cocsidembly iqmmed tie ~Wlen 

method for dlrec t reading of the plasma pH with phenol red. It has 

been found that If the merum, diluted with raline, III warmed to body 

tgn)erature at the time of the reading, no corrsctlonr for temperrturo, 

d+lution, protein, or salt error are required, only the temporatufl *I- 

foot bei= of importance. l!kthormorr by uao of the bicolor rtandard 

pq-inciplo introduced originally by Gillerple, (foraorly of this Hoepital 

the hifficultioc, oncountorod in maldng atxurate buffer rtan&rdr are 

eliminated. Inrtsad of a rtandard phorphato rolution of known pH, WY 

1 

tubor of alkalino and acid eolution fom the rtanderd, thr nrding beMg 

taken through both tub&r, and the propor color obta&ned by raryina; tht 

mount of indicator in tech. Such rtandardr em not influmcod v tom- 

porature, and l ra much more rtiblo than the ururl buffor rtanderdr . 

Phrriaal Chemirtm &f the Blood. 

Ckao of the Grrater CO, Binding Power of R@buced aa Comared wit& V’ 

&g@natrd Blooa. Tho’rtudy of thr chmical barrir for the phyriologiqelly 

impbrknt fact, that m&cad blood abrorbr more CO2 at the memo tsnriqm 

then doas oxygmatod blood, her boon continued tit% Dr. Hartfngr and 9r. 

Murray. It wu shown lu t tear that the aau8o of. the ~hmcmm.on ir that 

oqgonat~d hemoglobin binds mom rlhrli thei% roducod, at phyriologicaJ. 

(3 PH. It hu now boon found by 1c)ro camrat bnd d&rile& l xporimsntr )hrt 

the diff ermco in hue-BindiG pmmr betwmq the two formr af hemoglol?in 

varies with the pH, being at I, m&mum at pH 7.4 and docrearing in a rsgulrr 

CULTO on each aide df this point. Quantitatively ‘the curm is that ccl& 

lated on the urumption that a ring10 l oid group in the hemoglobin mo3Wulo 

bar itr acidity aa mearurrd by itr dissociation constant, incr6ar.d about 
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25 fold by the change from reduced to oxygenated hemoglobin. 

Effect of Oxygen Change8 on the Electrolyte nhd Water Distribution 

in tho Blood. Ae a prellmlnarg to an attempt to solve the phyeico- 

chemical proceesee involved in reepiration and In edma formation, tho 

laws controlling the dletrlbutlon of electrolyte6 and water between the 

blood cello and eerum were foxmulatod in work reported last year from 

Peking. The effects of CO2 change8 on the distribution approximated 

thoee predicted from the alkali-binding power of the blood proteins, 

from calculationa baaed on Donnanle membrane theory, and from the as- 

ewpt ion that the ratio ie equal in cells and aem. 

The result8 of oxygen changes were calculated, but were not determined 

in the Peldng work. Erperimente hare now been perfomed by Dr. Haetings 

and Dr. Murray to determine the olqrgen effect. It hae been found that 

at a given pla-sma pH, increaeee irs the oxygen bound by the hemoglobin of 

the blood cause8 a ehift of bicarbonate and chloride from serum to cells, 

increasing the difference between the ooilCentrationa of theee anlone wit& 

in1 and without the oellrr, ee theoretically predicted from thm greater 

ac$bitp of oxygenated aa compared With reduced hemoglobin. 

The d&mm of .loxUation of the sodium and potaeelum ealts of the 

Qem b~~tdnra and of hemeulobiq hae been studied by Dr. Haatinge and Dr. 

Cecil-ray with $reparatiens of crlgii’talline hmmglobin made by HeMel- 

berger’s method,’ and of e’lectrolpttiree eerum albm$n and globulin made 

by Mies Hiller. In the theoretfcal treatuent of the blood electrolyte 

prsblen b Van Slyke, Wu and Eastings, the approximate aeeqtion wae 

made that the electrolyts4 within the cells are dissociated to the same ax- 

tent ~511 those in the plasma. 5 degree of accuracy df this approximation 

ie now being tested on solutions of the purified protein ealts. Ihe de- 

terminatiena have been made by the electranetric method with amalgame ‘of 
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The determination 

Jgmxl CalciuI3. 

of the state of the blood ualciurq offer8 

problems prculiar both in diffioultg and in physiological and olinioal 

interest, as is rridrnced by Salrssen*s work, wportsd elsewhere, on the 

behatior of the sorum calcium in nephritis and tetany. Hastings and 

Murray hats endeavored to obtain information concerning the ioniu activity 

of the calciuu protein salts, snd the nature af the factors which enable 

the blood plasma to hold in solution much more usloiur3 than a simple 

water solutlon oontalning phosphate, bicarbonate and $3 equal to thoee 

found In the plasma. They have found that oaloium carbonate, phosphate 

mad sulfate are rendrred mob mom solubls’by other salts in solution, 

ML tbrt polymlent”raltr , such as’ oitrater, “am more power&xl in rais- 

in@ Ca solubility thanmonovalent salts, such as NaCl. These results are 

the alkalies .as electrodes. With a technique obtained in part from 

Professor Harned of Philadelphia, Dr. Hastings has obtained coneistent 

results with the sodium and potsseiua protein salts indicating that 5 

to 10 per cent solutions are about 40 per cent ionized. !Fhis ionization 

approxinatee that of sodium bicarbonate. Whether it is affected by the 

high comentrations of hemoglobin existing in the cells is now being 

in -cord with Bronstedtt s 

botmsn the solvent effoot 

pecullrrly high solubili ty 

phyrioo4hemical work on the general relation 

and ionic strength of salt solut‘ions . The 

of Ca In ‘blood s&am is due to the proteins, 

which; 

&high 

of the 

since they are 

solvent affect 
/ 

Ca. / 

many-talent electrolyteo, might be expected to exert 

with a corresponding depression of the ionic clctivity 

Dr. Salvesen has continued, with Dr. McIntosh pnd Dr. Hastings, 

his study of the phmiolopical phenomena connected with chanms in the 
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calcium content of the blood eem. His studies of the mineral and 

protein constituent8 of the blood plasma In nephritlcs, reported last 

year, led to the conclusion that the frnifftion of calcium held in solution 

by protein could be decroaeed without causing tetany, which result8 only 

from a loae of the diffusible, and presumably ionized Ca. That loas of 

Ionized Ca ia itself a primary cause of tetany haa been aomewhnt disputed, 

lncreaaed Na or pH being mg.;ested as the important factors. Dr. Salveeen 
. . 

har been able to produce to tMy at will in dogs in a few hours merely 

by oral adminietration of eeveral grama of neutral or alkaline aodium 

phoephate. The k and pH of the serum are unchanged. The eerum PO4 

la about doubled, and the Ca reduced to about half the normal value. 

That the t&any ie due to the Ca lose rather than PO4 increaee de ehcwn by 

the fact that it is lnetantly cured by lntravemua injection of Ca and 

Cl3 sufficient to restore a normal blood Ca content, the PO4 remalnlng 

unchanged. That the Na:Ca or, more probably, the H? : Ca ratio may 

aleo play a part in tetany ia, of course, possible. 

Acid-Baee Balance and 040 Exchange. 

Tha ~&QVQ~ lcElbeb and aoid-base balance in senumonia have been 

rtudied by Dr. Haetingr and Dr. Neill, in the chemicallaboratory, with 

tha collaboration af Doctors Morgan and Binger. It has been found that 

the change in the aci&baee balance iq alight, and le in the dire&ion not 

of scidoale, a@ wau provMs~ly mupeoted, but of M alkalmis, &us to 

driving off CO2 by the rapfd ventilation. The reaulte during the febrile 

state are a somewhat lowered CO2 tension in the blood, a slightly fanreseed 

pH, and a practically unchanged alkaline reserve. 

Eight out of 10 pnetmmia caaoa in which arterial oxygen deter- 

mlnatione were done ahowed at clome period of the dleeaee daflcient OzyOena- 
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tion of the arterial blood. In none of these cases was there incroaqed 

arterial CO2 tension. These results seem to prove that when the respira- 

tory gas exchange in the lungs is hindered by pathological conditions, 

oxygenation fails before CO?. retention becomes important, a conclusion 

which may be derived theoretically from the fact that diffusion of CO2 

through animal membranes ia 20 to 30 fold more rapid than diffusion of 

oxygen. 

Tha results on the acid base balance, together with othore 

observed InthIs laboratory and elsewhere, have led us to taks up again 

the study of the mechtmlea controlling the acid-base balance and connect- 

ing it with the reepiration. The conclusion8 my be summarized a8 f dlowe: 

When the a1koJ.I reserve of the blood is altered (se In diabetic acidosis 

or in the opposite dlreotion, as In lose of HCl from pyloric stenosis 

and remitin&) even alight slteratfom are atxonpnled by p3 changes. The 

earlier conception that, teleologically qreeeed, the pH Is 80 important 

that the organism will alter the CO2 tension to the rmpirato*ly possible 

l.imLt in order to prevent the alightest change in pH, was baaed on data 

in the literature which were incomplete, and In some points Inamurate. 

It qpearb, on the contrary, that dn the alkali reserve Is lowered, the 

percentage change. In the hydrlon concent ration Is usually about _trrrice as _ 

great aa that $n tb ,C02 toneion, and this ktio Ie m&teLin.ed to the ax- . 
treme limit of acidoeirr; Judging from the cozqromis6 betamen change in II+ 

oomtration and in co2 tmmion to which the organiam graPitata8 when the 

blood alkali ie alterpd, normality of CO2 tension Ia about twice 88 im- 

portant as nossnalitg of B? c3oncentratIon. And, because of this compromise, 

evem a modsrate acidoade in the seriaa of a lowered alkali reserve ia as a 

rub also an acidoeis in the *aens~ of a lowered. pH, em;Wncompeneatad acid- 

Pl3A.S.” Experiments bp animal and human subjects (themselves) by Dra. Hast- 
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inge , Murray and Daviee , have given results in accord with the shove 

conclusione. 

Stu3iee on Nephritis. 

Electrolyte Dletribution Bstween Plasrz~ and Edema Fluid in Nephrifie. 

The distribution of Cl’, HC03*, Nz+, I? and H+ betwean blood plasma 

and edema fluid has been detetined in n xrumber of patients by Dr. Hast- 

lngs and Dr. Salveren. According to Donnan’s theory of electrolyte 

distribution previodsly diecuesed, if the membranes separating serum 

and fluid are permeable to these ions, they should be so related in 

their concentrations that the relationship Is 

Cl 
l -HCO3, ’ p Na+f e 

z- 
Kc f = H+ f = ;E 

f Hc03f Na+ K+ 
e 8 6 

where eUbu lndicateo serum and sub 
f’ 

edema fluid. This equality of the 

ratios wad found to hold for all the lone except potassium. There is 

some doubt concerning the accuracy of the method used for K in serum, 

and it will be investigated. For the other ions there was observed not 

oaY ths WprOximsto equality of the ratioa but also a value of g 

almoet mn&ly that calculated from the difference in alkali binding 

power between proteine per liter of wwun and those of the edma fluid, 

Omotic Preeaure between Edema Plaid and Blood in Nmhritie. Calcu- 

latione by the Donnan theory of the omotio prersure be.tvWJn edema fluid 

and blood plas~pa lead to the conclusion that the dkotia preesure muat 

be in the direction to draw water fmm the edema fluid into, the blood. 

This conclusion has been substantiated by direct osmotic pressure measure- 

ments made by Dr. Haetings with edema fluid and eenzm f ram the same pati- 

ents, a pressure OF about 20 LIPP. of mercury being regularly found towards 

the wmml. The forcea which lead to the collection of edcma fluid are 
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evidently not those of osmotic meseure, but nre other forces sufficient 

to overcome the existin osmotic pressure. 

Blood Swar in Nephritis. Certain nephritica show constant hiTh blood 

sugars as detemined by the usual reduction methods, and other patients, 

Mho show nonral fasting vs11~os, ohow blood sugar curves of the diabetic 

type after alucoeo feeding. Since nany subetmcos besidee glucose reduce 

the copper and other reagents used in the analysis, it seemed possible 

that the apparent glyoemla might be caused by some of the other re tnined 

netabolitee. The point wa8 tested by datexmlnlng the reduction before 

an4 after ye+?&fernentatlon, and before and after 24 hour Incubation of 

the blood at 38O, which completely de&rage glucose. It wae found that 

of the 0.10 per cent of glucose indicated in normal blood by the usual 

m8lpe8, only 0.07 la really glucose, 0 .tX per cent being due to other 

reducing eubstancee. In nephrl tic blood, however, the “peeudo-glucose” 

is the same as in normal blood, 3u,oh glycemia8 as are observed in neph- 

ritis must therefore be accepted as genuine. 

Carbohydrate Metabolism ln Nephritis. In order to ascertain whether 

retardation of ‘glucose~ctxabustion might be assoolated with the tendenoy to 

glycemld ln some nephrltloe; the totalmetabolitun was followed by the Tls- 

sot method’aftsr ingeutlon of’100 &n. of g.lu&se. The rlee of the rssplr& 

tory q&lent; lndiaatlrig ‘&code oernblnatl&,‘ ~88 aa rapid and high ai ‘In 

normal iubjecte. Aptiarentljr -&h delay .of abeorbed’eugar ln the blood as 

occur8 ie due to delay In transfer to the tiesue glycogen depote, rather 

than to retarded CasnbPstlOn. . 

MebbOlb2. 'Behavior of Calcium Chloride In Nedhrltls. Calclm chloride 

has recently baen considerably wed aa a dlnretlc in nephritis. It has 

been found by Doctors Salvesen, Hastings and McIntosh, that the calcium 1s 

excreted ln the feces, and the HCl Is absorbed. The result 18 a marked 



acidosis , .both the alkaline reserve and the pH f&l? I-L& severely. Neither 

the blood calcium nor the urinary calcium excretion is much affected. 

The severity of the acidosis th.ot my result from the dosqe recomended 

is such ae to contraindicate the treatment, at least unless the acid-bass 

balance of the p2tlont Is accurately cant rolled. 

Effect of “psova~urol~~ on Renal Excretion. Dr. McIntosh has colla- 

berated with Dr. Crawford in etudyiq the effect on kidney function of 

the arsenical, “novasurol”, which has a remarkable diuretic action in 

edmatoua heart patients. It developed that while water excretion might 

be increaoed ten-fold and chloride excfetion a hundred-fold, urea excret- 

ion Is practically uuaffected, exoept for the relatively am11 acceleracl 

tlon that Austin, Stlllman and Van Slyke found to occur in normal in- 

dividuals when the urine volume Is Increased. !l!he peculiarity of this 

dame in etimulating the excretion of salt and water, but not of 

urea, indicates the sharp differentiation in the mechanisms by which the 

respective substances are exoreted, and may be of aml8tance In physio- 

lOglca1 erperlmente on these functions. 
, 

U0 e of Urea Content of Saliva Instead of Blood Urea In Detsrmining 

the Urea Excretion Index. The relationship between the blood urea con- 

centration and the rate of urea excretion hu been found to be the most 

elgn%flcant elngle Indicator of the excretory power of 

tlcularly when aalculated with the corm&ions for the 

and body weight determined by Austin, Stillrnan’und~‘Van 

the kl&ey, par- 

urirmry volIm3 

slyke. The only 

practical drawback has been the necessity for dmwlng blood for analysis. 

It 1s Imown, however, that urea diffuses so freely through the membranes 

that its aoncentratlon Is nearly the same In all the body fluids except 

the urine. It consequently appeared possible that the urea content of the 



saliva mighP be used instead of that of the blood in deterclining 

the excretion index. Preliminary experiments by Dr. McIntosh indi- 

cate that within the range of conditions thus far studLed this can 

be done. Data will bo gathered under extreme experimental and clinical 

conditions to find whether the blood and aallvary urea contents approxi- 

mate each other at all tines. 

Chlorido Boabaorution In Renal Tubulee. Dr. McIntosh and Dr. 

Branch are undertaking to obtain evidence on the physiology of chloride 

excretion by histochemical methole. By chloride-free diet the urine 

Of a dog can be made practically chloride-free. If the glomenilar 

urine ie essentially eerun-filtrate, it should then contain, because 

of the high chloride threshold, 0.5 to 0.6 per cent N&Cl, while the 

lower ends of the tubules ehould be chloride-free, a difference so great 

that even qualitative methods should detect it. If, on the other hand, 

the glomerular urine is chloride free at the atart, that fact also 

should be determimble by the ti hietochemical chloride methods. 

The rtudy of ths blood chemietry and renal function in the 

different type8 of nephritis ir being continued with the purpose of 

obtaining 0linica-l nsaeurw of renal condition sufficiently a4xmrate 

to indicate tha rerultr of themputio proc6duraa. c 

8trrdies on Phseiology 
/ 

and Parthologs of ths Ci&ulation. 

Dr. Cohn, Dr. Murray, Dr. Stewart, and Dr. Cranrford. 

!&I general purpose8 of our work have been preoiowly r8- 

ported. During the year a constant temperature room has been installed, 

with the assistance of Mr.E. B. Smith, in which two persons can work in 

daylight quite satisfactorily. Here, with Dr. Murray the study of oer,- 

tain phases of the growth of chicken embryos and of their hearts ha8 been 



continued. me made many experiments to learn the chnngoe which take 

place in heart rate in the course of developent. This we can now do’ 

in two ways : first, by cutting a mall hole in the shell and counting the 

pulentions of the heart directly in the younger embryoa, or of a beating 

vessel in older ones beforo further dissection of the egg takes place; 

Becond, by cutting a hole in the shell, aovering it with a oelloidin mm- 

brane or with mica, sealed in place, ahd then in the preparation so pre- 

served, making oounts daily. Preparation8 like this can bs mds ~.~ccsess- 

fully on the 3rd and kept to the 16th~day. We have found the rate on the 

4th day to be about 200 bestr per dnute; both before and after this the 

rates are slam, considerably elower on the 2nd and 3rd days. We think 

the rates til$’ turn out to d&e a relation to Vhe Curve of Potential 

Growth” formerly reported. 

Next we dieeected the embryo and have prepared the heart in 

such a way that it ham been possible to SW the differentiation of 

function which tekee place ia the primitive cardiac tube. We studied 

roparately the right and left aurialerr, eauh of which is divided into 

two fwenta; atiddJ.8 pieus ‘lying between them; and a number of fragmenta 

f ram the vsnW,oles. The facte we have ars ‘km follows. Abeady on the 

3rd dayr the a&hiLar md of the primitive tube beats faster than the 

ventricular end, but there is as yet no apparent difference in the rate- 

makix~~ function aaong these auricular frw’nte; later the mIddIe por.tion 

of the aurd.alss t&m on the pane (rate) making function and devslops a mte 

muoh higher thaza that of the other auricular or ventricular f ra-lpnents; the 

rate of the ventricular pieces Is fairly uniform and equal to or slower 

than the auricles before the 10th day, while after the 10th day, the ven- 

h?hiLar fravnts usually do not contract. The pace-making piece often, 



indeed usually, equals the rate of the whole intact heart, showing th;Lt 

the pace-making function ia not injured by the diseection and preparstion. 

The size of the fragments does not appear to influence their rate. The 

behavior of the heart before tho 3rd and after the 10th day under these 

circumstances is now being studied. It should be possible this yoar 

to complete these experimenta 80 that we may then be able to give an ac- 

oount of these functions throughout embryonic life. 

The study of growth from other points of view haa likewise 

gone forward; those, it will be remembered, concern certain phases of 

the chemical constitution of the embryo. One problem which has especially 

intereeted PB ie the relation between the humidity of the atnoephore 

in which the eggs &re incubated and the lose of weight of the eg@, and 

the conuentration of water and fat in the egg during the period of in- 

cubntion. It wau found that if the humidity ie maintained at 28.0% the 

loee of weight in the incubation period is 10.0 gne .; if the humidity 

1s maintained at 92%, the loss of weight ia only 1.0 gm. But whether 

the lo@8 in weight ie 1010 gtne. or 1 .O gm, the aonuentration of water 

~ha at aboUt ‘75% in there egga which mature. of the weight which Is 

loet , wo think that 26% ir derived from eolid 

which lo sliminafed m the -bon dioxide aad 

COIIWJO~~OII with the loss of weight mentioned, 

theory that the lose is d& to the burning of 

subetanoe, probably fat, 

wNer af metabolism. In ’ ’ 

%nfgl ha6 proposed the 

fat and that the fat burned 

ia utilized aa the source of energy in the d8veloment of the embryo. 

In OUT analyses it .appears, however, that the amount of fat lost Is de- 

pendent on humidity and is part of a mechanism concerned in maintaining 

the ooncentration of water in the egg. 
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With these data it is poesible to proceed to further analyzes 

of the constitution of the embryo. We have now data showing the cho.n:es 

which occur with age in the concentration of total eolids, and the changes 

in carbon dioxide and oxygen exchange. Theee chemical studies are to be 

utilized in analyzing thq substances (such as water, protein, bicarbonate, 

chloridoe, bases, and the hydrogen ion concentration) which regulate osmotic 

aondltiane and the subetancem of fuel value (proteins, fats and carbo- 

hydmtee) to the embryo. 

mith Dr. Stewart, the technique wae perfected of etudying the 

effect of digitalis on the functlon of oontraotion in the hman heart. 

To our knowledge, the use of the X-ray apparatus of Gdtt and Rosenthal, 
_. 

/ 

whioh was described in a fomer report and which we adapted to our pup I 

po8e8P haa made it poeeible for the first tine to carry out such observa- 

tions directly. To find euitable patients for these observations ~a.8 i 

difficult, but during the year we studied five, a sufficient number for 

our purpoee; one a control, two in whom the cardiac rhythm was regular 

and two in whom it wa0 coqletely irregular, suffering as they did from 

fibrillation of the auriclee. In the control patient, of whoa wa made a 

qber of obaorvationa, the unifomity of the measumnsnte was quits atrlk-r 

iI’& leaving no doubt a8 to the& value aa controls. It till be x%allod 

’ that the CUXWJ we obtain i I the edge of a ohadow, cae t on a mQv1JIp; film 

bY the ~OiOna Of a abort stretch of the border of the left rentriale 

mar the apex and a similar one of the border of the right auricle, when . 

the X-ray tube Is suitably placed. Our records @how. that when digitalis 

lr gicws the sxtant of the exourslon ie increased; it may indeed aotually 

be doubled. This oeems to u8 to be proof that dAgLtali.9 influence0 con- 

traction. The importance of these observationhiaa in the fact that, in 

the current teaching an Influence of digitalie on aontraction Is either 
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ignored or denied. From the point of view of heart failure, this action 

is however the most important one for digitalis to possess. Vo believe 

that ws have now placed its usefulness in this connection on a sound 

basis. 

In addition to the action of digitalis on hoart msclc, we 

are stud*: as well the effect of other agents such aa oalciun, both 

alone and in coubination with digitalie. On this subject we hope to 

report later. 

Dr. Stuart has continued to operate on the cardiac valves of 

dogs with the view to causing alterations in the heart uuscle, such as 

hypertrophy and dilatation a8 the reeult of the mechanical iqjwy. The80 

are reactione which we wish to study for the light they any throw on 

amparable pathological processes in nan, but also in connection with the 

effect on the circulation of the blood which results from such injuries. 

As the result of much operative experience and the trial of several 

methods, he is now able with a low operative risk to prepare such dogs. 

We possess eeveral of them and are testing, on the treadmill, their re- 

actions to work, In this conmotion a nethod hae been devised for the 

collection of mixed venoua blood direct from the right ventricle of the 

heart. Thir technique sim@ifise oontaiderably the estimations of oarbon 
. .L 

dioxide and of o&en for use fn oalculating4the rolume of blood put out 
-; 

9 the heart and the rate of flow; theee are the measures of cardiac 

sffioiemy whioh we use. 

%x-a are aaeee of heart failure, characterized especi~.lly 

by the appearance of edema, which do not yield to treatment either with 

digitalis or with the usual diuretice such as theocin or diuretin. In 

thW@ C&L&M Dr. Crawford and Dr. McIntosh have studied the effective-se 

of UmsUml, a new eynthetic drug, recently introduced into practice 
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for treatment of cases of syph.ilis. The preparation contains about 405 

of nercpry; its usefulness is preeumbly dopandont on containing thia 

slanent. klercury in the treatment of edema is not new; in core recent 

yenra its use has however been abandoned on account of the dsmqe to the 

kidneys following its adznir~stratioc. So far, no dsrxqe to the kidneys 

has followsd the use of novasurol except in cases in which injury to then 

was already present. The general experience as well as our own has been, 

On the contrary, that in syphilis anA in heart failure, inrprovement of 

the condition of the IdSneys, so far aa the presence of red blood 08116, 

aasts and albmsn in tde urine is oonosrnsd, has been reported. 

In the patients 60 far treated the followlrq effects of ad- 

ministrstion have been noticed. The patient8 were individuals in whcep 

the adninistration of digitalis had failed. The amount of urine excreted 

was xuch increaeed, sme times as much as ten times, the increase beginning 

from 2 to 6 hours after taking the drug; the extent of the edema markedly 

diminished, Sometimes to eliminate the tidy& fluid entirely, more than 

one abinfstration of the drug at intervals of about 4 day8 was neamssary, 

&us, perhaps, to the fad that the a&ion of a single dose Xs brief. 

~oompanying this, a marksd lmpravemsnt in the state of the patients was 

noticed. With the inareass in the amount of urine there ir also an in- 

Orcbaoe irr the amount of chlorider a&ted; and th6 amount of theae’is , 

not CJIQT geraentile , but absolute. This change w&a of course reflected 

fn the changiqg concentration of chlorides in the blood and in the edema 

fluid. The excretion of urea and ammonia $8 little changed either in the 

blood or urine. Usually no untoward symptoms or other effects attend the . 
adm%nietration of novasurol. 

1 The drug may act in one of two ways, either by aiding the tram- 
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fer of substances from the tissues to the blood, or by facilitating 

their passage from the blood throu& the kidneys to the urine. If 

the formor is the mechanism, a atace should be found In which the blood 

is dilute; if the latter, a stage in which it is concentrated. An 

examination of the concentration of hemoglobin and of red blood cells 

was therefore undertaken. The evidence showed that the second of these 

possibilitiee wa8 the most important,, although for a brief time after 

Injection the firet obtained; the hemoglobin percentage rose, the number 

of red cells increased, during diuresie. We infer therefore that the 

action Of the drug iB predominantly on the 6Ub6tallCe of the kidneya. 

Between the days on which novaeurol was given, it wan noticed 

that the pattent lost a little of the ground that had been gained. The 

attempt wa6 therefore made to maintain them In their improved 6tate by 

ermPlo$nS an agent, like urea, which affect6 a different mechanism than 

doe6 mm8~01. By this means, sometime6 the amount of urine increased, 

eomthm it rentained stationary, but in no case was gro&d lost, even 

for priode of several weeks, ‘Ihis method alao seems to ‘~6 to represent 

a ga.3.n in treatment. 

-Sag the spring with Dr. Crawford a beginning wae made in the 

attqt.tO study the stats of the cap$fnartes .& ai6eese * the method of 

oinwt ography . The technique 3~ natmall. .bifflcult , but with the aid 

Of Mr. hrmdmrger photographs were obtained -which give pramiee of di6- 

tinct ueefulneea. We pr~poee to pursue tbfs imetati-gation in the coming 

winter. !%e problemle wh&h present themael~es concern both the normal 

function of the capillaries, enah a6 whether -they contract and if 60~ 

whether in the form of peristaltic waves.; what place they occnpy in the 

genersldyn6znica of the circ&&ion; their,abnormal function during heart 



BEi” ::; 

failure; and also their behavior in the preeence of drugs. These are 

subjects which we think can bo ad.v~~tageousiy studjsd b;ir this method. 

Acute Rheurstlc Fever. 

Dr. 3vift , Dr. *Miller and Dr. Andrewee. 

During the past year the continuation of the clinical studies 

bf rheumatic fever have inprosao& us with the ler!gth of period of active 

infeCtiOn in an attack of this dieease. Af tsr an jllnese of two or three 

months the eymptoms and eigne of thle aotfvity are often not striking, 

Md mny ooneist otly of a alight inoreaae in tmperature, rapid pulse 

and low grade leucocgtoele: 6igqB that are eaeily overlooked unh366 

froqu%nt observationa sre recorded. The adminietration of antirheu- 

matic drug8 ouch a8 eoditzn saUcylate, asplria, and neocinchophen aleo 

tend6 to mask the symptoms of active infection. Ve feel, therefore, 

that m~~ny rheumatic fever pntientl, aru allow%d to be up and about before 

the active infection hau been completely overcome. This, of CourBe, ha0 

an iraportant bearing upon the development of cardiac diseaee; for with .\ 
cur prer%rot.~lmowle‘&e that pra&ically all rheumatic fever patiente 

have some degree of ,cardiac involvcrment, it tae8m8 perfsatly rational to v. 

uoncluds that 6uch dirsaaq4 hoartr ehould &t be required to rempond to 

the demande~of active Ufe untilswtive infeation ham disappeared. Cam- 

p&red dth our preriour conc%pt2ona, this makes the problem of hospitall- 

zation of rheumatic fever patients an entirely new one. A recent con+ 

pilrtlon (la 72 of our patient@) of the number of daqe between the onset 

Of the dieease and discharge from the hospital showed that the aver&g% 

and median for all sge groups fell 3%tween 100 and 110 days with a vari- 

ation of from 50 to 260 CkyB. This a096 n0t includefperiods of from two 

to 6ix wseks in a conv&lescent home. In other worde, the average hospital 



requirement for a-patient in each ctttack of rheumatic fever is nearly 

one-third of a year. If these requirenents were net in the general 

hospital8 bf the city and country them hospital8 would not have enough 

facilities for the trsatnont of other patients. An interesti% problem 

suGgested by these figures is the detexzimtion whether a large group 

of patients hospitalized for this long period would dovolop loss chronic 

cardiac dieeaee than another group treated in the ordinary way. 

Ae a part of the genoral study of the effect of rheumatic 

fever on the heart the change In aroa of the heart shadow in roentgeno- 

grams taken at two meter dirtancee hse boen followed by Dr. Miller in 

about twenty-five patients. Them.3 plcturee were made at frequent inter- 

vals during the patient I8 etay in the hoepit,& and at each follox+np 

examination. Briefly eumarized the reeulte at present ehvm: 

1. A remmkablo aonetancy In the eize of the heart eMdow after 

the patients hme recovered and resumed their nomal activitiee. 

2. Excsludlng thWe patients with marked increase in shadovl due to 

perioardial effusion, the general tendency wae for the shadow to decrease 

in size after the patient had been in the hoepital for a few weeks, and 

to incmaee a8 he convalesced and resumed his nmnal act$vitiee. 

3. During a relapse some patients showed an increase in the aardiac 

Bhadow and other8 ahowed no change. 

4. 51x3 Was xvi ‘definite oox%lation between changes in conduution 

tine c~8 determined fn electrouardiogram and variations in the elm of the 

x-ray shadow. 

5. Evidence* of cardiac complications are, therefore, more easily 

detected by bedside etudy of the patient and by electrocardiograzns than 

by X-ray plcturee. 

Mrs. Lmcef ield and Dr. Swift have found that many of the 

rheumatic fever patients develop, during the course of their active in- 



fection, complement M.ndiy antibodiee against the mclaoprotein obtained 

from different strains of streptococcus virldme. Patients with lobar 

pneunonis md with diaeaeae thought to be due to otrcptococci also de- 

veloped einilar antibodies; and the blood sorm of a third of nom1 

people also contained thoc. Ae Dr. Avery and hle co-workera have ehown 

that pneunococcl were modo up of a aubetmco nucleoprotein In nature, 
! / 

common to all strdne, and a carbohydrate fraction specific for each typo, 
<i / 
t ! / , 

Mre, Lamefield is invoeti@ing the poeeibility of ieolating comparable 

f ractione f mm streptococci. She bar shown that, eimilar to the pnemo- 
i i 1 , 

cocci, the etreptococci Can be divided into two fractions; but that the 
j : 
: ; 
.’ 

clMipu.lationa neceesary to effect their reparation are much nore violent 
j , 

than in the case of the~eumococcl. The Carbohydrate fraction ie specific 

for each rerologicallg dietinct etrnin and ie native in very high dilu- 

tlone; whllo the nucleoprotein ie apparently the same for the green etrep- 

touoccf, the pneumococci, and at leaet ~ocl3 strains of haanolytic Strepto- 

aocai. These reeulte have been obtained by both precipitation and Con+ 

pleznent fixation teeto and uonfimed in some inetank by absorption ex- 

periment 6. The propertie of the Bpscif ic Carbohydrat 8 substance, have 

been rtudied in a prelilninary WP~; eixpXe methoda of Cxtra&lng~ thie’sub- ’ 

starme from the baoteria have been developed with a view of Bubetituting 

th@ p=~pi~tion te8t for agglutination In those fnstm,mr in which the 

gIs%niLar nature of the Culturea makes it difficult or impoeeible to apply 

the agglutination test. 

The fact that mrcleeprotein fractions of both green and hem- 

lytic rtreptoaocci and of pnemooocci react similarly in the oomplment 

fiation reactions probably explains the non-speaific result& obtained with 

this fraction in t-mating the merum of patients with rheumatic fever and 

other dieesLsee. 
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Dot tor bfiller haa completed studies carried out over a period 

of three and one-half years upon the possibility of producing Aechoff 

bodies - the charactorietic uyooardial lesions of rheumatic fever - in 

rabbits and guinea pigs by inoculating then wl th vnrious fluids such as 

blood, joint exudates, and tlemee, euch aa heart valves, and tonsils 

l btczimd from patient6 with rhsunrrtlc fever. While no ctircterietic 

AachQSf P9dios were found in the hearts of theee animals, e~ll focal 

legiom were diecovered in the heart8 of half of the rabbit8 and two- 

thirda of the guinea pigs. Thear#eslona consisted of interetitial 

aocmmilationa of whoc++s ad mdothellal cells. The queetion to 

be answered then reeolred ltrelf lnto CL deteminatlon a6 to whethee these 

leeions were the retits of ths action of a hypothetioal virw obtained 

from the rheumatic fever patients, or, whether they arose independently 

of thie virus. A eeries of uninoculated control rabbits killed at various 

times over a period of three and one-half years rhowed similar myooardial 

leaions in eixty per cent of the animals. It is evident, there&ore, that 

mild focal interstitial myocarditle fa not infrequently preeent in what 

would ordiqrily be oalled nomal rnbbi te. No bacteria we= found mi- 
7 

craacopically in aq af thees leaioru; hence their a&ml oauae is at ’ 
‘: . Ii 

promit ut&terPlined. Their diacovery,~ ‘however; ia an additional oonir;: 
‘. -.‘(;,* .:. * : 

bUtiOn t0 OUr in0~6a.8ing b~~idg~~ of the i%SionS and df~b898 Of ~&bit&; 
. 

knowledge it is necessary to goassss if ti are to use thie type of animaX 

in the imeatigation of diseases of undetermined etiology. 

h our liw3t emmml report’it wa8 noted that th8 intratesticular 

kxK%lation of rabbit! with material from rheumatic fever patient6 had 

been followed lq an interetitial orchitie; In some caee8 transmissible’ 

Pram ankpal to animal over several generations. The periods between inocu- 
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lations warefrom fourteen to thirty-five days. Subsequently, Zn two 

sorios of control8 inoculated with a nonrheumatic material aimilnr 

lesions were IuJuced. Duriq the past yeaaQoctore 3.vift, Andrewes and 

Miller again undertook to inoculate rabbits intratesticularly with the 

hypothetical virus of rheumatic fever; and adopted tho technique devised 

by Doctor8 River8 and Tillett In their studlea on Varicella. In three 

serioe the rabbit8 ehowed a marked interetitial orchitle which appeared 

bgtween the third and eevonth tranafera; and once having appeared could 

be oarried on Indefinitely, The leeions both groeely and micro8copically 

appeared oimilar to those obtained by River8 and Tillett; and in suit- 

ably etained section8 lntmnuclear inclusion bodies were diecovered in- 

dietin@ehable from thoee fauhi by River8 and Tillett. Cross imunity 

experiment8 carried out with the collaboration of Doctor River8 also 

Indicated that the leeions in hi8 series of rabbits were due to the same 

eOi01ogi.c agent that was active In ours. Attempt8 to neutralize the 

virus with the eerum of rheumatic fever patient8 reeulted negatively. 

It seemed probable, therefore, f ram the above evidence and f mm other 

experlnents of River; a&J Tillett that the virue was of rabbit origin. 

- In‘ order to determine this point the em technique was qloyed 

with SIX control seriek bf ‘rabbits in wIii&’ no&al rabbit blood was wed 

,W the original &&&i’~’ Since Rivera and Tlllstt had emcountered evi- 

dence m&e&g ‘t&it ‘the’ i’nfscti’on &i&t’ be ‘contagioti’ anonget rabbite, 

every possible precaution” ‘%a taken .to prevent contamination ‘of this con- 

*fro1 stock with the virus previauely ‘studied. All infected animal8 were 

killed, the cages sterilized, and the pmmisss thoroughly cleaned with 

disinfectants : What was apparently the 8eme infection appeared in two 

series, after the third and fourth transfers, respectively. The identity 

of this piru8 with that previously enoountered has been established by 
l \.. \ 



finding similar nuclear inclusions and by CroPB imrU.nity teete, 

It thuo Beams h:ghlg probable that the lesions inducedby euc- 

ceesive transfers of rabbit teoticlee originally inoculated with blood 

from rheumatic fever patients, and from nornsl rabbits, are identical; 

and that the virus inoit3.q thhso lesions 10 of rabbit origin. It8 identity 

with the virus biecovered by Rivers and Tilleft mem8 al80 to be established; 

these author8 on other grounds have already suggested a possible rabbit 

origin. 

Theee facte brought to light by the cooperation of two different 

groups of workers in the Hoepital are of considerable importarse from more 

than one point of view. They have established ths exietence of 

unknown disease in a cormnon laboratory animal; 4 disease due to an agent 

having propertie similar to those aausing herpes, upldedo poliomyelitW;‘, 

and considered when these animals are used for laaculation izthe etudy 

of direaser of undeternimd etiology. 

t0 &Jecific 8ubetanm3 Of Fn)@%occue. 

Dr. Avery and Dr.~Heldelberger. 

related to many of.the bIologica ohsmuters of fhe Pneumoccccus, has 

hen funnd to be carbohydrate in nature. 

The propert5.e~ of this rpeuific polyeaccharide material, as now . 
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Ae regarde the soluble epecific eubetance of Pneumococcus Type 

II, It baa proved possible to eta& with purified oaxbohydxate material, 

containing 0..2 per cent or leee of nitrogen and rtlll oapabla at a dilution 

precipltants arf three totaLly nnM,ated types; whether the intact baatsrl;al 
/ ’ 

cell or the broth tit&e medium ib uaad sg the emuroe of the material; 

or whether the method of purification is baaed on eimple fhu?tlonal pre- 

cipitatfon, or on absorption, the product recovered ie ahays essentw 



the same, and always largely a polysaccharide. Cgltpled with this are 

the facts that the specificity of this extraord3mrily stable material 

does not diminish on treatment with etrBng acid in the cold until reducing 

eugare hegin to appear, and that by the same technique it is possible 

from Type II and Type III pneumococci to isolate different polysaccharide’ 

derivativea of equal specific activity. If the polysaccharide encountered 

were an impurity derived from the broth culture medium, contaminating an 

unlrnown epecifio substance, it might be expected to be the same, or at 

least very similar, in both Instancea. 
‘. 

It ie thus becoming increasingly difficult to believe that 

the soluble specific substance ie not actually the polysaccharide derivat- 

iw c?tse&f, for there is now accumulated a considerable IELLSB of evidence 

in favor of thin view. l ’ 

The study of the chemical nature an&biologic specificity of 

this polyeaccharide material furnishes a basis for the better understanding 

‘of the inm-unological relationships of the bacterial cell. The serological 

epecificity of the vrrioue typea of Pneumococcus is intimately related to, 

if not solely &pendent -on, the presetice of this specific cell coilsti- 

Went. The oynthsoie of t$.is polyraccha~ido material is a cellular function 

highly developed in tho8~ straine 

“Of multiplying in animal tis8uea* 

nificant relationship not only to 
/. 

of pneuaococci which are most capable . . 

This bubatance apparently bears CL sip 

t-e specificity but 

capsular development. +e elaboration of thla solublb 

during growth in the animal body is 80 marked that its 

d&acted Sn tk&‘body fluida of axparimentally Lnfected 

to virulsnas- and ’ 

epeeifio eubetanm 

premms mryr be 

rabbita and in ths 

blood and urim &arlng the course of the eptantane& disease in man. 

&I pointed cut in a preceding paper, the pneumococcus sell con- 

Kline srpong other cons tituenta tm subetancea which ard se-parable and dl+ 
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?4ncLchemkaJJy and which passess di--ffwefit propertiee kcUnologically. - -4 
One of lhsgg~~~ell cfxx3tit;lents is protein in character. fir ther studies 

on the biological specificity of pneumococcus protein are now in progress. 

It need only be mentioned here that serologically and antigenically this 

protein fraction seems to be less specific as to type than is the intact 

bacterial cell. The second, or carbohydrate fraction, the chemical 

nature of which ie dealt with in this report, is highly and spxif ically 

reactive only with antibacterial 5enm1 of the same type of Pneumococcu~ 

as that from which the substance is dorived. Al though this bat terial 

to lxmnunization with the intact organism, It is iteelf, when dleeociated 

from combination with other cell constituents, but elightly if at all 

capable of inducing antibody formation. The biologic dlffarencea in the 

apeclficity of the soluble specific substances of Type II and Type III 

pnmxmococcu~ are reflected in differences In their chemical conetitutlon. 

The chemical difference betfmen the 4oluble specif lc Bubstances 

of Pneumococcus Typos II and III are so marked a5 to cause astonishment 

that analogous fractions of cloroly related microorganism5 can have such 

widely divergent properties. 

difficultly roluble.acid; 80 rtrong, 

lnd&d, that in very dilute aqueous solution It turn8 Congo red paper 

The polysaccharlde portion of the Type II epaclfic substance ap- 

to be built q of glucose units, while that of the Type III sub- 
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of glucuronic acid itself or of some analogous acid. The lower percentages 

Of carbon and hydrogen in ihe Type III substance are also in harmony 

with this view, eince the replacement of -CH20H groups by 4OOI-I (the 

difference betwren glucose and $lucuronlc acid) would have this effect. 

The differences between the two specific eubetances, if they 

may be aerumed to be chemical individuals, nay be represented by the 

f 0llowlng two l zprerrionr : 

Typo II Type III. 

( CHZOH ( COOH 
Rl 1 R2 ) 

t COOH ( COOH 

It le hoped boon to report on the positive identification of 

the sugar unit of the Type III rubrtanco , on the nature of the aown 

portion of the apacific aubrtame, and on the eolublo rpeoific aubetance 

of Type I pnewnococcue. 

Studios on oxidation and Reduction by Pneumocoocu5. 

Dr. Arcmy and Dr. &ill. 

Theso etudier, whiuh have been mrrled on in thie 

on the nature and ocoyrrenm of the perokde9 formed during 

laboratory 

growth of 

Pnoumococcur , wore drrcribed in the last repart. Thio earlier work In-. 

cludrd obrrrvatio& on the inhibitory effect of theso agents upon the :. 

growth of the mioroorganiam; t&air dwfraotivm a&ion upon many of the 

intracellular constituent8 of the bacterialooll, and their power to 

change completely the nature and propertiea of other substances in the 

cul turs media. While these transformations in the bacterial substrate 

were previously interpreted merely a8 expressions of the vital activities 

of the liv&ng bat teria, the mechanism underlying theee reaction8 has, 

as a result of this investigation, been found to be related directly to 

cellular processes of oxidation and reduction which under appropriate 



conditions bn-ve been shown to function quite independently of the life 

of the cell Itself. 

In fat t , more exact knowledge of the nature of these cellular 

phenomena has been recently acquired by the use of sterile extracts of 

Pnsumocrocc i . These sterile extrncts , prepared by a spkial technique 

developed during the coureo of theue studies, are devoid of all formed 

and living bacteria and contain in solution the active cellular con- 

stituents which comprise the oxidatio+reduction systems of the intact 

cell. Extrmte of this nature are highly reactive with molecular oxygen 

and in its preeence bring about the oxidation of rubstances which by them- 

rrelrss are non-reactive. Similarly In the abrenco of air these same 

l xtrrcts effect the reduction of other substances. The method employed 

has, thereforo,furniehed an opportunity of studying the nature of these 

biological reactions uncomplicated by the presence of cell growth; the 

results obtained have afforded an explanation of many of the hitherto 

observed but unexplained phenomena of the living bacterium. 

ti a aorioa of papers , several of.which hare already been pub-. 

liehed the following oxidizing and reducing; activities of these eterile 

pmumouoc~cUa l xtraote hare been deearibed: the conuumption of molecular 

ox&en, the formation of peroxide, ths.oxidation of oxyhomoglobln, and . : . 
axidatian,af ‘the madohmnotoxin and lntrwellular enzymee contadned in 

pneumoooculr utractr ; r the reduction of T,mrthemoglobin and mothylane .blue . ‘.I. .i b. ,p* :L. ,<., :. 
The active cellular systems conoornsd~ In ,$heso oxidations and reductions 

have on further wsl7,9$,9 been found to For)si.rt of two components, ens of _’ 
which’is themo1~bjJ.a .+qd the other,l.the~oeta~le. Them may be chmact- 

l rizod as follows: the thermostable component represents substances which 

are not prg88nf lri the ‘&eumococcuiy’af tw thorough washing. Them sub- 

rtancso are relatively heat stable, resieting boiling for pro1 .Or;ge d period8 



.3 j 
, 1 "+ 1 

139 
of tine. They are present in water or alcohol extracts of muscle, 

z#aet and vegetable tieeue. By themselves, those substancea react slowly 

. with molecular oxygen to form oxidizing agents and in the abeence of 

molecular oxygen, they eetablish conditions under which methylene blue 

and methemoglobin are slowly reduced. Although separably these substances 

are but slowly reactive, in the preeence of the eecond component the 

reactions of oxi&tion and reduction are markedly accelerated, This 

labile callular component reprerent,, arbetancoe which ire resident in the 

pnwnococcur and are not removed by washing the cells. This component 

is thermolabile, being lrmctlrated by exposure to 65O C. for 10 minute@. 

By itrolf It ir wholly non-rea.otire with molrcular oxygen and posrerrea 

no reduaixq power. Thie oellular coqonent 8eems to be catalytic in 

nature, l ince it greatly aocelenter reautionr of oxidation and reduation 

in the preoenoe of the other component of the ryrtem. aen prerent to- 

gether, these subrtances constitute syeteme responsible for many of the 

biological oxidations and reductions of the living cell. 

More recently these ctudiee hare been extended by Dr. Neil1 

to Investigationa of the oxidation-reduotion acflvitiee of pneumocooci, 

anrrerobic bacilli, eterile animal uld vegetable tissue, and of difforqnt . _. ._1~. 
~toxidbabls subrtamer of bioI.ogiual origin. 

.> l 

’ .‘.I- 

:  cr * .  -\. I , . .  

&snt~ &rk by physical ohemiote he clarified the inter- 
.., ,?;‘*i .:*’ . ..r... :- ,, ., -’ -. $ .‘I . 

&&i~k Of h~globini'bqhsmoglobln and me themoglobin. 
;, 

.tcb4 ahang0 involved in the oxidation of hemoglobin ckneirtr in the ohcnge 

.af ferrouo Iron to the f errio form. On the other hand, the change of 

keasoglobin to olprhemaglobln oonrieta in the addition of molecular oxygen 

30 the ferrous iron of the hemoglobin. Thus the converrione of hemoglobin 
.I 

b masthemoglobin and of methemoglobin to hemoglobin represent, respoctivoly, I 



a true 

globin 

all of 

oxidation and a true reduction, while the converBlon a0 oxyhemo- 

to hemoglobin representa a consuroption of molecular oxygen. Since 

these reactionrr can be followed quantltstively, the blood pigmentr 

furnish a convenient and valuable memne of investigating: the oxygen con- 

suming, the axldizing 

biological agent e. 

PneuAococcl 

and reduci@ actiritier of the bacteria and other 

and sterile pneumacoccua extract8 poereer both 

reducing and oxidizing activity, the reaotion induced being dependent 

upon the prerence or abrence of molecular oxygen. Hence, in the abeence 

of molecular oxygen, the pneumococci reduce methemoglobin just CM in the 

prerence of oxygen they oxidize hemoglobin. The equilibrium between heno- 

globln and methemoglobin in a mixture of there two blood pipents may be 

shifted in either direotion & the aation of pneumocaccue oellular rub- 

a tances. In the ueual titration of hemoglobin-methemoglobin solutions, 

different chemical reagent8 must be ured for the oxidation and for the 

reduction. In the case of pneumococcur, either oxidation or reduction 

CM be effected by the IKUII~ cellular agents, the direction of the change 

being dependent upon the prreenc8 or absence of molecular oxygen. 
. 

It WEU found that sterile animal tirreues reduce methaaoglobin 

to heaoglobin. Thir fact is of conriderkble interest f ram the 8tandpoint 

of the lccumulation of’methekoklobin in t& blood of patients muffdng 

from infectione with Pneumococcur or fgom intoxication with methsmoglobin- 

f omlng druge. Whether or not meth&neglebin accunmlatee in the animal 

blood would oeem to be dependent upon a balance between the forces prod& 

ing methemoglobin and the inherent ability of the anti1 tl6oue8, Oepebiahy 

the liver, to reduce methemoglobin to hemoglobin. Methemoglobin 16 for&e& 

in vitro 80 readily that there must be come mechanism in ths animal body 

to prevent ita accumulation in the blood. Probably the long recognized 
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retiucing-~ti0n of animal tissues is sufficient eqlanat’on for the fail- 

ure of methemoglobin to accumulate in the blood stream of nomrrl an?.mle. 

In the study of the oxidizing-reducing action of anaerobic 

bacilli, it was found that the anaerobic bacteria consumed molecular 

oxygen and reduced methemoslobin with marked avidity, However, if nix- 

turee of hemoglobin and of anaerobae were malntalned at the appropriate 

tension of molecular oxygen, the anaerobes also oxidized hemoglobin to 

methemoglobin. 

A study was made of the formation of methemoglobin during the 

oxidation of autoxidlzable substances. It warn found that different auto- 

xidizable substances united with molecular oxygen to form oxidizing 

agents which subsequently oxldlzad hemoglobin to methemoglobin. These 

reactions were true oxidation and could be brought about in the complete 

absence of labile subotancas of bacterial origin. 

The blood pigments were chosen for use in these investigations 

primarily a@ indices for the dmnstration of the principles of certain 

biological oxidations and reductions. However, a number of facts were 

revealed which are of considerable interest in a oonsideration of tha 

blood pignsnts f rcun a Ghenical and physiological standpoint , For Instance, 

it was found that hemoglobin Is the substance a&ually oxidized to met- 

hemoglobin and that the tidition of moleculer oxygen or uarbon monoxide 

to a hemoglobin molecule changes it to a substance which offers considerable 

resistance to oxidizing agents. Again, if hemoglobin be maintained in the 

reduced state by biological reducing agents, the spontaneous alteration 

of hemoglobin which ordinarily occurs in sterile blood or oxyhemoglobin 
‘\ 

solutiona, is inhibited or wholly prevented. Further, hemoglobin reduced 

by bacterial cells can be heated at 55OC. for as long as 10 days, with a 



lose of not over 10 per cent in ite origirml tloxy&m ca,pczoity,fl aJtk_sqh 

in the presence of oxygen, the hemoglobin is entirely destroyed after 

eqoeure of a few hours to this temperature. 

Vith the cooperation of Dr. Hastings, studies were made of 

the relation of oxygen tension to the hemoglobin oxidations studied 

In this series of inveetigations. The relation of oxygen tenoion to 

these reactions was the same as that previously found for methemoglobin 

production by pneumoaocci. The optimum oonditions are provided at an 

oxygen tension sufficiently high for the fommtion of oxidizing agents 

but not too high to pormit the oxygen dissociation of about one half 

of the oxyhsmoglobin. 

Pathomnesis of Pneumoooccus Infeation of the Dunna. 

Dr. Erneot Stillman, 

Ar stated in the previous report it has been shown that alco- 

holio intoxication not only delay8 the disappearance of inspired bao- 

teris f ram the lungs of mice, but alro markedly inorsasss the mortality 

following spraying with pnsumococci . (Psrsis tents of Inspired Bat tsria 

in the Lungs of Alcoholized Mice, J. EICD. Mad., 1924, xl, 363,) 

In order to determine whether any tiity is induced by 

pneumococci following inhalation, mfoe were sprayad repeatedly and ths 

degree of active imumnity developed w&a moaoursd by determiniry: the 

degree of reaistanoo to intraperitomal tnfsction. It w&m found that 

there was a gradual lnoreaos of aaQUired protection following repeated 

expomre to live puraococci, a G~ly a alight immunity, however, wa8 6e- 

trelopod in animals eqooed to a spray of dead organisms. To explain thir 

acquired protection,‘one le forcad to assume that the lnhalod bacteria 

aotually gain acmes to the body tiesue. The high degree of active in- 

mty seems to be due to the limited multiplications of the organisms 



within the tiecure and the Consequenb ~&ra@pion of antigen which Btimri- 

J.&tea the production of dntibodiee. 

In order to me whether local$zation of the pneumococcus in 

thr lung8 could bo brou&t about, partially imnanized mice were allowed 

to inhale virulent pneumococci while under thr influence of slcohol. Of 

normal mica which were oxpooed to a pnmx~ooccur epray while alcohollzod, 

L certain pencrntage died of an orerwholning pneumococcus infection wlth- 

out any rttexpt on the port of the body to localize the infection in the 

lung. On the other hand, in a nuder of nice which have been rendered 

reeletcmt to the pneumoceccua there wae a definite degree of 1oaaUzstlon 

of the infeut ion ln the lung. Dr. Branch hae made a his tological ex- 

amination of tho pulmonary lerionr l o produced. This work ir being con- 

timed with L view of studying the l arllert @Luonary changes in the 1~8 

af mice in the hope of aeusrtalni~ h&v the infeotion rrioelr. 

Variatiens Induced in Pnmnocesol by @alturalMethodr. 

Dr. Rbiman. 

Oeneider~blo attention har reosntly been given to the variation8 

obesrvel in the individual bacteria of (L given aulture. ,It is now l e- . . . 

tablirhed that differtmt;.baotsria in the .mme cul&re lriag vaqin vim- 

lenue, c~a8glutimbticn proporCJiea an4 in ;ontigenlo. power,‘- and mry. prokuq e 

oolonie@ which are -8ufficlently blfforent- f ram ~18 &nether ‘to .bo easily 

deter ted maaraoao~ic+lly, Studies have been made by various 5xmertigatorr 

with a number of different ep~ies of bctaria, 
It ham lomg been known that repeakq$ growth en artificial nmlia 

results in a ~dimlnutlon of the virulence of pneumoaocci, and that cub- 

eequent animal paosago often roetoree thie last property. The nature ef 

theee changes hae net been clearly und8rrtoad. Other Lnveetigaterr have 



found that aftor Fneumococci are grewn in homologeur immune antipnau- 

mococcuo Berum, two types of colonies are dietlnguishable en blood a&r, 

and that reprsrantatlvs bacteria of there two kinds vary considerably 

in virulencr and rpocificity . 

In the ceurse of rtudies upon thia question, Dr. Rolman hna 

b-own rirulmt, typs specific pneusnacocct repeatedly en varleue artificial 

media, including bile broth, hanologour and hoterelegous immne aerm, 

plain broth and blaad agar. 

One or two transfers of the cul turo in bile broth or In honolo- 

goua immne IWUM hare been faund ruffiaient to cause the appearance of 

thq bacterial variate, which are avirulent and non-epocific. fn order to 

produce thaw variationa in plain broth or en blood egar, hewaver, fr& 

15 to 20 tranefers are required. Growth in heterolegeur inmnlne bel‘um 

aecnned ta bo the lorat effective ef any of the media, in inducing the 

apparmua of rarimt~ . After 240 transfere in heterelogeus immtme e~r~m, 

only 5 or 6 calonims of thr changed organism were recoverable, 

By trenaforring a virulent, culture auccoeeively en blood agsr, 

the apperrame of tha variant’ form could ba onlily obmrved, after the 

ai &toenth tranrf or. In the eubrequont ti-amferr the numbor af the variant 

bacteria steadily in&arad, and at the tI$&tieth transfer, ene~ third of 

all the &lo&e &al&d were of this type; At thii time the whole’~~~lture 

had diminiehod oanslde~blg in vimlenae and specifiaity, ‘which ehewa that 

thr POW in vtrulenh and epocificity warn aausrd bg (L progreeeiis 11~~~re 

in the relat&m number of avirulent organisms, After determining this 

behavior, the whole culture (containing virulent and avirulent brganiems 

in known proportione) w&a injected into a mber of nice to amertain 

the effect of animalization. The nice were killed at inorQa.sing time 

intervals after inoculation and their hearts” blood culturse were plated, 

. 



It wa8 f mmd that the number of the avixxlent organism cred=U dim- 

inished until no more were Been in the culturesof mice killed 5 hour8 

after inoculation. The cultures obtained after this hour were celgposed 

entirely of the vimlent and type specific foms. This shows that thr 

mechanism ef restoring virulence and specificity ta a culture by anima& 

pareage uensist8 in a weeding out ef the avirulent organism and an increase 

in the numbore of the origirmlly virulent type, until none but the latter 

remair. 

The next etep was an rtterupt to reetere the virulence and spoci- 

fioity of the avirulent strain. Te obtain definite rmult8, a pure line 

8 train derived frcun a single organism warn mod. A new technique was de- 

vieed far the Isolation and rocavexy of a colony produced by a eingle 

cell. All attempts to restore virulence and specificity of the avimlent 

etrain by animal paeoage have 80 far been uniformly unsucceseful. In 

come&ion with this observation it wm noted that the preeenoe of even 

a very amall nmber of the original virulent pneumococci wee sufficient 

te permit the recovery of full virulence and epecificity. 

From theee experiments the evidence obtained seeme to favor 

the paint of view that: 
= 

(1) kmth of pneumococoi on various artificial media, rape&ally 

homologeue immune serum and bile, brings about variations in virulence 

and rpecificity of the organic and that diminution ef virulence under 

these circumtancee is quantitatively relrted’ta the number of avirulent 

variant 8 present. 

(2) Animalization of a mixed culture containing both the virulent 

and avirulent types result.6 in the elimination of the avirulent fom, the 

virulent type alone poeeeesing the property of growth and multiplication 

in the animal body. So far fit has been hposeible te restore to the ariru- 
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lent variant either the specificity er the virulence characteristic l f the 

type from which 1 t was &rived. 

Ths Inhibitory Actien of Sorum =~nd Leucgcyte Mixtures on Pneumococci. 

Dr. Sin. (Voluntary ‘Jerker from Pekin University Medical School). 

In thir study a method which wae devised by Dr. Robertson and / 

Dr. Sici was ueel. It had been previously found that with this method, 

which involves constant agitatian of the mixture, an inhibit?on of growth 

of pnoumecoccl occurrod when the 8exum l aployed wa8 derived fren naturally 

resistant animals, while rapid grewth occurred when the serum of eusceptible 

animals was tasted. 

There and othor Interesting obasrvatiens made with this method 

indicated that the method might be profitably employed in the solution 

of other problem of pneumacaccus immunity. Dr. Sin therefare has studied 

the role which the pnoumacoccue eoluble eubstance plays in the phenomena 

ef growth inhibition. 

It has been found that the ~01~31s substance, even indilutions 

as high ao 1:2,500,000 exerts a definite effect in modifying the inhibitory 

action of serum-leucocyto mixtures, and that part of this effect is due to 

an injurious action ef the soluble cubstanco upon the leucocyteo. 

5~ methed has also been empleyod in studying the growth in- 

hibiting propertier of the blood of patients suffering from pneumonia and 

it has been found that at the time of crieris and for a rhort time thsre- 

after the bleed acquires very marked powers l f inhibiting growth. 

Observations en Bleod Platelet8 during Pneumonia, 

Dr. Reiman. 

A study has been made of the changes in the numberr and the morpho- 

legy of the bleed platelets during pneumonia. It hae been found that the 

number ef platrlets begins to diminish after the infection is esL&blishad, 



or within a few hours after the initial chill. The count remains sub- 

nomal during the pox-lad of feTer, for 4 or 5 days. Then the crisis 

occure, the number of platelets not only returns to normal but continue8 

to increaee until the nermal love1 is greatly exceeded. Finally after 

about two weekr the mnnbor of platelet8 again fall8 until the norm1 is 

reached. In the event of 8equelae, such as pleurisy or 8erum diseaee 

(In the taorum treated ca8e8), the platelets again diminirh in number and 

thir diminution 18 followed by a second increare exceeding the noxmal 

count. 

The platsletr during the period of thrsmbspenia are considerably 

smaller in size and centain more gr8,nules than those obrerved when the 

mmber was normal or abare. 

d close parallellwn was obsrrred between the diminution in the 

mxnber of platelets and the incresre in the coagulation time of the blood. 

The coagulation time again decrease8 as the number of the plat&&sts in- 

oreases at the time of crisis. However, a relationrhip between the fluo- 

tuations of the number af platelets and inxxunity oould nst be establirhed. 

Dr. Bixnger and Dr. &owe 

The new exygen danher aouxpleted last fall ha8 been in use 

in the treatment of oaeas of lobar pneumonia during this iust yea&. 

It i8 believed that there Is now little doubt a8 to the &fioaoy of 

oxygen as a therapeutic agent in thaw ca8ea of pneumonia where oxygen 

want i8 a complicating factor. It remains to aocumulate rtatistiaal 

evidence - a prooedure nsoesrarily slow. Dr. Binger is at prerent en- 

gaged In redmving all the cases that have been treated In the Hospital 

by the chamber method. The eerier ie not large - onl$ 22 - but certain 
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g~~iti~ fadto oan be derived therefrom. Of these 22 caees 10 died. 

This at first glance appears a high mortality rate, but it must be 

remembered that only those case8 nre treated in the chamber in which 

the progl?oeir le unfavorable: Cases due to Type II and III pneumococci, 

often with poeitiwe blood culturea, rlvrayr with cyanosis - In iteelf of 

bad proppoe tic ei&ficrnce . 

The pbyeiologicsl evidence for the benefit6 of 02 therapy 

are visible chiefly in the l ffoct on the 02 saturation of the patient’s 

blood ahd in the marked increaao in hle rubjsct comfort and improvement 

in hia peyche. The decresrro in rerpiratory rate hae been lese marked 

than wa8 anticipated. In only 8ome case8 was there a definite reduction. 

Thie, we believe, OM be explained in the light of the experimental 

atudieu reported below in which some of the cau~a of rapid and rhallow 

breathing have been experimentally analyzed. 

Animal EJxoerimentq. 

Brs. Binger , Brow and Branch. 

In the laot report a statement was made of the marono for 

approaching thia phase of the problem experimentally, There haa been 

more and more deductive euidenca that rapid respirations are due to di+ 

turbances in the Hering-Breuer reflex. WI, it rhould be remembered, 

18 a reflex maintained b;l conduction along affsrent ragal flbrer by 

which the reeplratory oxoureione are automaticell~ Umi ted; the aat of 

inflation arresting Itself, and r&erring the act of deflation and vice 

rerea. Other uontributing causes for rapid breathing were known to ex- 

ist, e.g. anoxemia, o5ulges in reaction of the blood, changes In the air 

oapacity of the lungs. Each me of these aspects of the problem had 

been previously investigated and reported on. None wee sufficient to 

e-lain the type of dirturbanca clinically observed. It remained to make 
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an intensive attack on the nerrous factor imolrad. It was almost 

immdiately discoverad that this was intJ.mately bound u2 with the cx+ 

dition of tho pu.lmon~~r~ circulation. An abstract of the fact6 die- 

covered may be presented thus: 

Interference with the pulmnary circulation in dog was a-c- 

complished by tho intravenous injection of a suspension of potato starch 

and of seeds of various eizes . Each of thesu procoduree waa followed 

by very rapid reepirations and by anoxemin of the arterial blood. In 

spite of the similarity of these results two wholly different and in- 

tensely interesti~ mechanisms repealed thenselves. They quay be de- 

soribed thus: 

I. gtsruh ideation results in embollen of the capillarier and 

srtey_iolas, terminal Thio hao been demonstratad by poet mortem Injection 

preparations and by histological atudiee. The ahanga of respiratory rate 

ecours critically after a asrtafn maee of auepension has been injected. 

Often the additional injecrtion of a few C.C. precipitated the response. 

This suggested that the lmpulre for rapid breathing was in dome manner 

related quantitatively to the oirGulatory abrtruction. The rapid breath- 

ing thur preoipitated oaaurred in rome instances independently of anox- 

ania. It w&o ..obrioua4 not due to arroremfe even when reroalateb wlth,+%t .L. ,. ? - _.. : :... 
bfmuaee reliaf, of anoxamia abtained by 02 inhalation Whila,.it oaa~ionrlly 

lowored the reeplratory rate never brought near the original 18~11. : :, 

The rapid breathiw due to embolism of capliladea and arterialee ms. 

thfmfore. ‘not due to amxemia. It oould be immediately stopped by free+ 

ing the ragus nervef3. But It wa8 aubaeguently shown that an animal in 

which the ragi were frozen had loet the aapacity for aacelerating his 

respirations even when the impulre for rapid breathing was of esntral 



origin (02 deprivation, inhalation of 10s CO2). This could, thri*ef Ors , 

n3t be regarded a~) aridenca for the preosnce 2f f rr!. i;ativs centrj.F:s ~31 

etilxuli. The cause of rapid breathing produced. ‘by starch embolism ~8s 

found to be in the struct-ual changes in the 1un5 reoulting from circu- 

latory obstruction. There w&s atelectasis and edema and merksd rednction 

in lu&‘~~lum - all pclntlng ta lose of the normal elasticity of the 

pulmonary parenchyma . This wo believe linits each respiratory phase 

mechanically and by the actiri ty of the vagus nerves (Hering-Brsuer raflsx) 

results in rapid breathing. Since respirations which are shallow must 

nearsearily become rapid,- tha texmination of inflation and doflstion 

bei= more quickly reached. An analogouo mechanism 

demonstrated by the simple procedure of compressing 

dog’s thorax by means of an ordinary Mood preeeurs 

the compression the rhallower the breathing and the 

rapid. 

was very clearly 

an anasethstizsd 

cuff. The greater 

shallowor the more 
. 

The clinical analopiss to this type of tachypnsa are those con- 

ditions in which pulmonary elasticity is impaired and thsrs is a diminilrhed 

vital capacity, z~~~s1.y acute and chronic congeetion of the lunge, inilirry 

tuberculoeie, pulmonary f ibrosie, f.obar pneumonia. In each of there 00% 
.., ,.i t ,... ( .-, 

ditions rapid and ehalI&‘&e&ng is% &standing symptom. 
.” . ,. 

XI. Seed injections result in embolism of the larger branchor of 
: ,. P' 

Ollt3ZT 
'llrt&,.&~.J...&' $... , ,. '3 g.;. P, '4 p:,- I ,:-: :* - : : i" 'i. _," 

Here again the reepfmae is ariti&. Often 400 

. . 
tory rate or oxygenation of the biood. .‘An additional 25 l r 50 seeda 

might precipitate progressive 

seeds, the more were rsquirsd 

poppy Bsede 1000 or more mere 

!iachypnsa and anoxemia . The smaller the 

to produce the response. In the c&so of 

required. With pea8 10 to 20; and with 



ueede of intsnnsdiate size, ruch ad rape and radish, q~n infenncdiate 

number. !JIhis too, aa in aboliem of the capillariee 6~13. arte.rlDleP, 

points to the obstruction af circulation a.9 the cauee of the ra@.d brssth- 

ing. As wae stated above, however, the mechanion here ir WhollyjUffsrsnt. 

O--n rdd.niotrr~fon to "eocd d?tfr” restorse the blood to no-1 aatu- 

ration, &e in the case of otaxch, it reducer the respiratory rats to a 

nsrmal 1~01 which Is not tnao of the “eded dogs”. Furthsrmoro 02 in- 

halation will prrront rapid breathing after snbolim has been produced. 

Under those conditions techypnea daas not occur until the anlnsrl breather 

roan air, when it and anex~ia ariro pari pasru. Thor type of rapid breath- 

ing $8 th*mforr wholly due to anoxemia, What ir the oaum of anoxemia 

of embolio origin? To answer this question ~1 great deal of work wan nec- 

rrsary. The Variour factors involved In the production of cyanosis a8 dir- 

cutsred by Ltiprrd and Van Slyke in their monograph wmrd appMed to this 

problem and one by one they were dismieeed ae not of raliont importance. 

Uonary rontllation, blood flow, circulation tins, 02 consumption, lung 

VOlumO, wore studied, a0 well a63 grase and micrarcopic rtructural chagee. 

It rh8ulU be rtsted here that in the read lunge 100 stelrctrsir and rdmm 

ocourrsd and there was nc, deareaae In lung roluur aa thrre w&8 in starch 

lqv : Th@ WU@~ of embolic anoxemia W&B finally founi in a dirtu*nce 

Of rrstlo brtwoen the varcular diffusion arm in the l&g md the rate 6f 

blood fl6w throw ft. By q+plying the computationr of L. J. Hsnderron 

it WW argued‘ t-t in thie cdndition, bsaauoe of the diminiehed -ocular 

bed, the blood parecbd through the lungs 80 rapidly that it w&e unable to 

mv.me it8 nwma,l, load of 02. By r&ring the alrealar 02 tension and thur 

increasing the inward diffueion of 02, the state af anaxemia could be ro- 

lieved. !l!he clinical analscg to 

lebar pneumenia and particularly 

this B ituationwe believe occurs in 

in poet operative pulmonary embolism 
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whera cyanosis and rapid breathing are presenting symptoms and where 

prompt and continuous O2 therapy should be enployed. 

This work has been submitted and accepted for publication 

in the new Journal of Clinical Investigation. It is being p&&d further 

by Drs. Bingor and Doyd with particular reference to the problem of 

fatigue of the respiratory center and to the nature of the ~timiLus in 

the lung in pneumonia (experinental) responsible for tachypnea. 

&oerinents in Rebreathirq. 

Drs. Davlea, Brow and Binger. 

The object of these experiments was to determine whether the 

response to CO2 stimulus obeys any simple law and if so to what nodifi- 

cations this 1~ is subject. Scott hae etudied the reaponee in CELB~S 

of pulmnary emphysema and Peabody in came of cardiao dieease. The in- 

ability of patiente with heart disease to breathe relatively concentrated 

atmospheres of CO2 and the increased tolerance of the emphysematoue to 

such atioepheree are now well established clinical facts. The authors 

mntioned were principally concerned with the variations occurring ln 

pathological conditions, and therefore did not make sny detailed cl’i’tical 

study of their normal data, 

The reeulte af our own investig&dme uhow that (1) The re- 

lation between minute volume of total pulmonary ventilation irnd petientage 

of Co2 in the inspired air can be expressed by a siarple r&!&natical for- 

mula- (2). The respiratory response to CO2 ao ehoWn by the to&l pul- 

monary ventilation is elightly greater at high O2 percentageSthan at Wrmal 

percentages in the inspired air. (3) The element df fatigue (both ner- 

vous and macular) is a determining factor in the nature of response to 

co2. 
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This work ham been prepared for publication in the Journal of 

Biological Chemistry. tither work ir being conducted In collaboration 

with Doctorr Van Slyke and Haotinga on the effect of changer in blood 

reaction artificially induced by acid and anlmli ingertion on the rb 

sponee to the CO2 rtlmulus. 

Drr. Davieo, Hamtinge and bray have mado'a study of the 

effect of rtaoir on the reaction and the electrolyte, gas, and protein 

content of the venous blood of the arm. Confi ming prrviour work by 

Davirs in Meakin~e laborntory, it wae found that a marked inureamr in 

the huno globin oontont and mcme inareame in the plaza protein content 

roeulto from ligation of the am at a prersure rufficiently high to catme 

etaale, but not above the ayatolic arterial prrrsure. The fluid portisns 

of the blood are obviously forcod out through the circulatory ryetsn 

by the back prsesurs on the caplllarieo. The oxygen content of the blaod 

wa8 reduced to nearly zero. The carbon dioxide contents of the aells 

and plasma were increased, but the lmffor effect of the blood WIN ouch 

that the $3 fell only rlightly. The relatively slight reaction change 

is contmdictory‘to the fomer resultr of Meakine azad D&vSer, who through 

faulty technip believed they ebemr~ed 6 fall of the plauna pE to a6 low 

a8 6.9. ’ 

Drm, Haqtinge, Murray and Davies have rtudied the guertion of 

the relative importance of blood pH and CO2 teusion in controlling the 

respiration. In eqeriemte performed partly on themelves and partly on 

dogs, the blood aonditione were altered by acidori~ (mused by aamoniwn 

chloride ingestion) aad by alkalosis (caused by bicarbonate) and the ahangea 

in @ and CO2 tension in the arterial blood were oboerved. All changeo in 

the alkali remrve of the blood were partly compensated by CO2 teneion 

: 
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changer, which decreased in experimental acidosis and increased in a.lk~ 

rr, 

il 

loais, IO that the blaod pH rhifts were not ao great as they would haa@ 

‘been had the COTtension remmined constant. In nc case, however,was 

a na1~~1 pH maintained with abnormal alkali robbrve. In fact, the per- 

centage changes in 5,: ooncentration were &out twice those in CO2 ten- 

rim, indicating apparently thnt the CO2 tension, in itself axA inlep- 

8nbsnt of It8 effect en the Xood pR, 18 a physiolo~lcsl factor, the 

constancy of which is madntalned with even more pereirtmce than that 

of the kyhrion oonoentration. Them reeults are dirtinotly againat the 

forner idea that the CO2 tension Influences respiration only through Its 

effect on the blaod )H. 

lbaert of Patholedoal Laboratof;t. 

Dr. Bmmch. 

During the past year then have been 18 autopsies performed 

ef a total number of 28 deaths. 3 of theme were from the respiratory 

l orvice, 1 from the rheumatic, 6 from the cardlao, and 8 from the no@- 

ritio. They includ.8: 

6 oama of ohronio mlvalrr dimam, none of whibhware dmnonm 

etratab to be 6hemaatfc or ryphilitio in awlgin. ' 
K * 

1 cam of *to rheumatio apdooarditir. 

2 CMW 8f Jpbar pmmnenir, and 1 aam ef bronchapneumonia. 

Thir mmber of autopsise roprrrmtr 64% af the tet+ duthr, 

and althaagh thir oarrorpcsnds favorably with the poroentage ebtained 
r( " 

in general hbdp&%rrlr, it ie not 6 p&t&larly high peroentrps. The 

M@*aoe bf the post martems for carrelStIng the clinical and laboratory 
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obeervations made in this hospital oannot be ovsrssttiated. They are 

al80 eesential far the proper interpretstions 6f data obtained in meta- 

balio rtudieo on nephritis and on physiologic&l studies 0,~ the c&we of 

rapid breathing in paaunonia . 

Cortaln of the autopcy material has bean particularly studied. 

‘6or inrtnnco, in all oases of pneumonia pulmonary artery injections have 

been -de in order to detelllline the preesnce of absence of true vascular 

thrombi in the vessela of consolidated lobes and thus correlate this 

with findings of Dr. Blnger and Dr. Brow ae to the cause of thr rapid 

breathi= In doga induoed rrperimentally by infarutian of the smaller 

and largrr pulmonary arteriolee. Thr material so far at hand indicater 

that there ie apparently a blocking of the smaller artrrdal bdg8. %rO 

paperr are now In prsrs in oonjunotien with Dr. Binger and Dr. Brow en the 

subJeot of rapid and shallow breathim. 

BOtJiaO8 the above the norbid anatomy In the nephritic 08800 ha8 

been rpsoially studied with a view to determining the o&use of high blood 

preqauro Cnd oardim hypertrephy in oertaln oa8ea of nephritir. It would 

see11 Chat h%& blood preosure and ‘oardlao .hpprrtrophy ati’ only prkont- in 

came8 if ohredo nsghritir wbiah ol&v k diff’uao rolerbsir WI& fattr de- 
,.-. -, 

generation bf the* ,aull &o&lr t&y&,j#&~$he &by,“’ &d &~o~“‘DLu~~~;‘~ 

by the 'nephritis par se., A pa,>er en thir ‘subject ia.in smmaroript form : ,- 
with Dr. Under. 

d I 
‘~‘_ ‘, .‘- ,_ -, .‘I ’ 1 / .’ 

.si8@xdibi on the praduotion a& pathology of experimental pneu- 

menia in mlco are being continued with Dr. Stillman. ‘Me paparr are now 

In -.~$#ss which concern the pneumoooccuo as etiolegical agent. Further 

work le being &me, mployln~ Streptococcus hanolyticus and Friedlander 

baoillur . 



Eqper3mmCe dealing wfth the quee tion cjf renal in,jurY follOwi& 

high protein feeding are being oonclutled with Dr. ZtcIntoah. The reaulte 

ehcw that high protein feeding per 50 does not cause actual nephriti8 but 

may be a predisposing cause eince one of the experimental animals developed 

L true glormrulonephritio while the control8 all remained negative. AnI- 

malr have aloo been inJec ted with oertnin protein product@, namely 

,tieml~& (L toxic b&85 of protein decoxrporition in the gut, md Cyetine, 

am of the uhno maids. There l xporiment8 are now in manumript fem. 

The r@rultr of the Tyraznine rlcper$montr are entirely negative, while 

CY@tine InJeoted intmfenou6ly In large does8 oauaaa undoubted dagrmm 

tion Of the Z’W=l hbUh8 with ri88 in blood urea and fall in the phenol- 

sulphonphthaleln eutput . 

ms COLE. 

OC~923. 

shldire ou Varioslla, 
of mrSseUa. 

The eurmgtibillty of rabbi%8 to the Vkus 

T. hf. Rivorr ,and r, 8. Tillott . J. EhgJ$&, 3923, uxpill,673. 

Atypical dirtr$butlon of variorllr lrsionr dopmadtmt upon a oo- ‘,. 
eldrtent sgphilitio Infection. 
W. 8. Ti11et t ,+nd T.M.Riverrs, 
137. 

&ohm Hal,. Ho8 . BulJ,. ,!N24, xuv, 

hther obremkiod; on the phmcx& ancounkred in atfempfing 
to tmnamit mricslla to rabbits, 
T. M. Rirerr and W. S. Tillott. J.W. Mo&,1924, xx&c, 777. 

‘pho l@aione in rabbit@ mqvw.%mcRlta2ly Whoted by a tints encountrred 
fn the attmpted trmamiseion bf Varlcella. 
T= Ma Rivers and W. S, CCtXlett. J. EXD. Meg., 1924, xl, 281, 

Experimental infection of the 8kIn with huaolytio rtroptococci de- 
tired from a human taLee of l ryeipolas . 
protectiro subetancoe Sn tie sera. 

Method of demone trat ing 

T. bi . RiWl?8. J. Exm . Me&, On gre88). 

. 

, 

4. 
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Lotal saesive irmunity induced in the skin of rabbits against ex- 
perimental infection with (1) A rabbit virue, (2) BeL~olYticJ 
streptococcus derived from a hm ca.88 ef eryoipelas. 
W.S.Tillett and T$I.Rirers. J. Exa. Ided,, (In prees). 

-4 Pathology of the Circulstion. 

The UIO of oalclum chloride in edema due to heart failure. 
Harold J. Stewart. Proo .3- 35.01. & MeQ.,1924, xxi, 376. 

A Method for obtaining maples of GJixed venoue blood In Intact dogs. 
Brold J. Stewart. Proc.Soo.Em. Dial, da Mea., 1924, ~~1,378. 

Obem-vatlone on the a&ion of n~rssurol In heart disessr. 
J. Hamilton Crawford end J,F.McInteah. j+oc.Soc.Exb&ol& Met., 
1924, xxi, 253. 

Eleotroosrdlographio eridence of ar;yecamlial involvement in rheumatio 
fever. 
Alfred E. Cohq and Homer F, aRift. Jdx'P.Mea., $924, xxxix, L- . 

Purpoeee in nedioal r8)eapCh. An intraduation to the ~surnrl of 
Clinical Investiaatioa 
Alfred E. Cohn. (In pieor). 

Evidence that digitalis influences contraction In the heart of man. 
Alfred E. Cohn and Harold J. Stewart. ~aurnal of Clinical Ik 
vestlgatian. (In prees.) 

Provielanal ‘4% ties for Pawre in Manueariat . 

Phyeiologi cal Ontageny. 
I. Intrwlu~iion. 6 

Alfred E. Cohn and H, ,A, Murray, Jr., 

II I Studiee in the growth potential of mgt~icular frapente during 
the embwelo&ic period. 
Alfred E. Cohn mnd H. A, btirray, Jr,, 

,III . CZinicql chakges ti f ert $.le eggs dwiw $noubatian. 
CA. Murray, Jr,, / 

ITT.. Weight and cpwth r&tee aa :. $knctione of age. 
II'. A. Murray, Jr,,, 

v. S$udiee in the differentiation in function of the prinitive 
~apiiac t’ubo . 
Alfred E. Cohn. 
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'5e queetian af ~ar.~itiz~t?on cf Join+a Rith ncn-hcnoly?ic strqto- 
oocci. 
H. F. Swift tu!d R, E. Boots, J, Ex-n. EIod.,1923, xxxviil, 573. 

The ei@ficz!nc:, of the hiefolc~lcal ILesions of rhe-s&tic fever. 
H. F. Swift. Proc. Am. Phil. Sot., 1923, lxii, No. 3, 175. 

Subacute bacterial endocarditis due to R hemolytic hemephilic bacillus. 
C. P. Miller and A. Branch. Arch. In+. liect.,1923, xxxii, 911. 

Electrocardiographic evidence of myocardial involvement in rheunatic 
fever. 
Alfred E. Cohn and H. F, Swift. Jour. Exp. Med.,1924, xxxix, 1, 

The prthogeneels of rheumatic fever. 
H. F. Swift. J. EXP. Med.., 1924, xxxlx, 1'75. 

Trench Fsvar. 
H. F. 4pJift. Bflltms-Forcheimer System of Theraneutlcs, 4th 
edition, iii, chap. 22, 350. 

A study of neoainchophen In the treatment af rheumatic fever. 
R. H. Boats and C. P. Miller, Jr., Am, Med. AssaL 1924, lxxxii, 
1928. 

A tine, probably of rabbit origin, encountered during intratestioular 
experinsnts. 
C. H. Andrewes and C. P, Miller, Jr., Proc.Soc.Em.* Bi01. & Med., 
1924, rxi, 470. 

Spenteneouo interstitial myecarbitis in rabbits. 
C. P. Miiler, Jr., P,txc. S@XD. Biol. &Med.,1924, pi, 521, 

Spentaneous interetitial myaoarditsa in rabbits. 
C, PI Miller, Jr., J, Exn, Med.3924, xl, 543. 

, 
Attempts to t&erqit rheumatic fever to rabbits a;nd cuhm~ pQ!e l 

C. P. Miller., Jr,, J. Exn. Med.,l9%, x.l,525. 

The treatment ef rheumatic fever with the ethyl ester Of phenylci- 
choninic acid (Novatophan). 
C. P. Miller, Jr. and R. H, Boots. Jour. Lab. & Clin- Med*,(In 
press). 

A filtrable virus infection of rabbits. I. Its eccurrencI) in 
animal.8 inoculated with rheumatic fever material. 
C. P. Miller, Jr. C?X. Andrewes and H. F. Swift- J, E~73s Me4., 
(In prees.) 
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A filtrab$e rirur infection of rabbits. II. Ita occurrence in ap- 
parently noma rabbito. 
C. H. Andreweo and C. P. Miller, Jr., Z, Em. Med., 1924 (In 
prsoe.) 

Thm leucocyte curve a8 an index of the infection in rhe-tic fever- 
H, F. ZMft, C. P. Miller, Jr. and R. H. Bootee Jour. Clin* 
&me tiuat ioq. (In prees.1 

Nam&.m&J&f&s&gQal Ch.mi& of ~the~Blood. Neohritis. 

Tbs aoibbaee balance In pneumonia. 
A. B. Haetings, J.M.Neill, H.J.hlorpm an3 C.A.L.Binger. Pm. 
Sac. Em. Biol. Chen,, 1923, xxi, 66. 

The detomination of chlorides in blood and tieeuee. 
D. D. Van Slyke. 6. Biel. Cheq.,1923, lviii, 523. 

Obsorortlone on the lnorganlo bares and phosphates in relation to 
the protein of bleed and other body fluids in Brightto disease 
and in heart failure. 
H.A.Salveson and G.C.Llndrr. J. Biol. Cheq., 1923, lviil,61?. 

Th* relation between ealoim and protein of 8erQm in tatany due to 
parathyroidootamg. . 
H. A. Salveeen and Q.C.Lindor. J .Biol.Cheg., 1923, lplii,635. 

Changes In thr volume sf plasma and absoluto amount of plasm pro- 
toins In nephritis. 
G.C.Llndsr, CJhndrgaard, D.D. Van 31yk.e and E. Stillizan. 
J. Ema. Med.,1924, x3ocIx, 921. 

Ths ooncwntration of the plasma protsinr in nephrltir; 
G.C.Linbrr, C. Lundsgaard and D.D, Van Slyke. J. Exa, bd., 

‘: . .1%34, xxix, 887. 

$a% -wt&alim in. nephfitis . . , i-I ‘_ 1 , . . . _._ ? ;: . 3.. a .I.. 
A, Iilllsr, G.C.Linder, C. Lundsgaard and D,D.Van Slyko, 's.."Ji&, 
M&&A%34,~ xxfr, 931. -. 1 :. : .,. 1 

Studier of gas and sleatrelyte.rquilibria in Blood. VI,’ The arid 
prepartier of reduced and oxygenate+ hemoglobin. 
A, Be H&8tings, D.D,Vsn.Slyke, J.M,Nefll, M. Heidelbargeti and 
C. L Harin&ton, J. Bial. Chaq.,l924, lx, 89. l 

The of'feet of the admhistration of oalcium'ealte on the inorganlo 
oompositien Qf the blood. 
H. A, Salvmsen, A.B,.Hastings a iid J.FYcIntoeh,~J..Bidl.Chsm,, 
1924, lx, 327. I 

Blood changes and clinical rymp~omr following oral a&niotr&tion of 
phasphatee. 
H.A.Salrosrn, A,B.Haetinge and J,F.MuIntorh,. J.BSol.Chm. ,19X, 
lx, 311, 

_* . *. 
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Studies of me  and elec-trolyte equilibria in bhod. VII. The 
effect of carbon monoxide on ‘the acidity of henoglobin. 
A. 33. Hastinge, J.Sendroy, Jr., C.D.Murray and M . Heidelbergor. 
J. Bial. Cheq., 1924, 1x1, 317. 

The determination of gasrs in blood and other solutions by ~uum 
extraction and marmmetric measurement.  I. 
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On tha detemination of game in blood and other solutiona by 
vacuum extraction and mancmetr ic xneasurment.  II. 
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Blood reaction and blood ves in pnmonia. 
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mental a&.&base dieturbames. 
HcW.Daviee, A.B&etin$s, C.D.bkarray'and D.D.Van $lykt%,(Inme)nuscript) 

Resoiraw Dingame. \ 
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baoilli. 
O.TrAvar$ and H.J.Morgan, Proc.Soc.Em.Blol.and g&,X923, &i859. \ 

The inhib$tlon zone $n precipitin reactions with the solirble specific 
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Studier on bacterial nutrition. V. 'The effect af plant t issue.*on 
the growth of maerobic bacilli. 
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'The occurrence of +roxide ixjculturer of pmul30CocCu8~~ 
O.T.Arery aad H.J.Mcrgan, J.Em. Med., 1924., xxxix,275. 

*th-inhibitmy rubetancsl' in pnemccaccu~ cultures. 
H.J.Mcrgan sn3 O.T~bAvsry. J&p&d., X9%, -ix, 335. 
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Studiee on oxidation and reduction by pneunococcur. I. Production 
of gersxido by asjaorbaic culture8 of pneumococcus on exposure 
to air under conditions not permitting of Active growth. 
0.T.Avex-y and J.bi.1!eill, J.&D. Med., 1924, xxxix, 347. 

Studier on oxidatiar, and r&uction by pnmmococcus. II. The product 
ion of por0zi33 by s5erCle extracC0 of pnomococcur. 
O.T.Am=y and J.hl.Neill. J.Exp, AIed.,1924, xxxix, 357. 

Studior an axldztion and reduction by pneumocaccur. III. Reduction 
of methylene blue by sterile sztracts of pnoumcoccum. 
O.T.Avery and J.M.Neill, J.Exm. Meq., 1924, xxxix, 543. 

The aorrelatian of uortain phenomena ecturring during the growth of 
pnmnaococcur . 
H.J.Morgan. J.Em.Maa., 1924, xxxix, 565. 
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